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$R^{n}\mathrm{u}_{t}+g_{n-1}R^{2}(\begin{array}{l}10\end{array})+g_{n}R(\begin{array}{l}10\end{array})+g_{n+1}(\begin{array}{l}10\end{array})=(\begin{array}{l}00\end{array})$ , (1)
$R= \frac{1}{2}(\begin{array}{lll}\partial_{t}u\partial_{t}^{-1} -\partial_{t} 22v+v_{t}\partial_{t}^{-1} u+\partial_{t}\end{array})$ , $\mathrm{u}=(\begin{array}{l}uv\end{array})$ ,
$u,$ $v$ , $t$ ,
$g_{n-1},$ $g_{n},g_{n+1}$ $g_{n-1},$ $g_{n},$ $g_{n+1}$ 0
hierarchy $(n\geq 1)$ . , ( A.1) $u,$ $v$
$\mathcal{K}_{i},$ $\mathcal{L}_{i}$ $(i\geq 0)$
$\partial_{t:+1}\mathrm{K}=\frac{1}{2}(\begin{array}{lll}\partial_{t}u-\partial_{t}^{2} 2\partial_{t} 2v\partial_{t}+v_{t} u\partial_{t}+ \partial_{t}^{2}\end{array}) \mathrm{K}_{i}$ , $\mathrm{K}_{i}=(\begin{array}{l}\mathcal{K}_{i}\mathcal{L}_{i}\end{array})$ , $\mathrm{K}_{0}=(\begin{array}{l}20\end{array})$ (2)
20
( , $\ovalbox{\tt\small REJECT}$
, $\ovalbox{\tt\small REJECT},$ $R^{\ovalbox{\tt\small REJECT}}\mathrm{I}\mathrm{u}$ ,
$R^{i-1}\mathrm{u}_{t}=\partial_{t}\mathrm{K}_{i}$ , $(i\geq 1)$
, $R^{i}\mathrm{u}_{t}$ $\partial_{t}^{-1}$ $u,$ $v$
. , $\mathrm{K}_{i}$ .
$\mathrm{K}_{0}$ $=$ $(\begin{array}{l}20\end{array})$ , $\mathrm{K}_{1}=(\begin{array}{l}uv\end{array})$ ,
$\mathrm{K}_{2}$ $=$ $\frac{1}{2}(\begin{array}{l}u^{2}+2v-u_{t}2uv+v_{t}\end{array})$ ,
$\mathrm{K}_{3}$ $=$ $\frac{1}{4}(\begin{array}{ll}u^{3}+6uv -3uu_{t}+u_{tt}3u^{2}v +3v^{2}+3uv_{t}+v_{tt}\end{array})$ ,
$\mathrm{K}_{4}$ $=$ $\frac{1}{8}(\begin{array}{ll}u^{4}+12u^{2}v +6v^{2}-6u_{t}v^{2}-6u_{t}v+3u_{t}^{2}+4uu_{u}+2v_{tt}-u_{ttt}4u^{3}v+12uv^{2}+6u^{2}v_{t}+6vv_{t}+2u_{t}v_{t}+2u_{tt}v+4uv_{tt}+v_{ttt} \end{array})$ .
, hierarchy (1) $g_{n-1}=g_{n}=0,$ $g_{n+1}\neq 0$ $n=1$
$\ovalbox{\tt\small REJECT}$, hierarchy ( $P_{II}$ hierarchy) , $g_{n-1}=0,$ $g_{n}\neq 0$
$n=1$ $P_{IV}$ hierarchy ($P_{IV}$ hierarchy)
. , $\mathcal{K}_{i},$ $\mathcal{L}_{i}$ , [GJP] generalized $P_{IV^{-}}P_{II}$
hierarchy Lax pair
$( \frac{1}{2}\sum_{i=0}^{2}g_{n+1-i}x^{i})\Psi_{x}$ $=A\Psi$ (3)
$\Psi_{t}$ $=$ $B\Psi$ (4)
. , (3) (4) (1) . ,
$A=A^{(n)}+A^{(-1)}$ ,
$A^{(n)}=($ $- \frac{1}{2}((2x-u)S_{n}+S_{n,t}+\mathcal{K}_{n+1})_{t}-vS_{n}-\frac{1}{2}((2x-u)S_{n}+S_{n,t})$ $\frac{1}{2}((2x-u)S_{n}+S_{n,t})S_{n}$ ),
$A^{(-1)}=(\begin{array}{ll}0 0-\frac{1}{8}g_{n-1}((tu^{2}\frac{\mathrm{l}}{2}\Sigma\dot{l}=1g_{n+1-l}x^{i}-2\frac{1}{4,)}g_{n}(tu)_{t}--tu_{t}-u_{t}+4v+2tv_{t}) 0\end{array})$ ,
$B=(\begin{array}{ll}-x+\frac{u}{2} \mathrm{l}-v x-\frac{u}{2}\end{array})$ , $\Psi=(\begin{array}{l}\psi\varphi\end{array})$ ,
$S_{n}= \frac{1}{2}\sum_{j=0}^{n}x^{n-j}\dot{\mathcal{K}}_{j}$
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. , [GJP] hierarchy (1)
$R^{i}\mathrm{u}_{t}$ $(0\leq i\leq n-1)$
hierarchy
$R^{n} \mathrm{u}_{t}+.\sum_{1=0}^{n-1}c_{i}R^{\dot{l}}\mathrm{u}_{t}+g_{n-1}R^{2}(\begin{array}{l}\mathrm{l}0\end{array})+g_{n}R(\begin{array}{l}10\end{array})+g_{n+1}(\begin{array}{l}10\end{array})=(\begin{array}{l}00\end{array})$, (5)
$c_{i}$ $(0\leq i\leq n-1)$




$\Psi_{t}$ $=$ $B\Psi$ (7)
. , $A^{(n)},$ $A^{(-1)},$ $B,$ $S_{n}$ ,
$\hat{A}=A^{(n)}+.\sum_{1=0}^{n-1}c_{i}A^{(i)}+A^{(-1)}$,
$A^{(i)}=(\begin{array}{ll}-\frac{1}{2}((2x-u)S_{i}+S_{\dot{l},t}) S_{i}-\frac{1}{2}((2x-u)S_{\dot{l}}+S_{i,t}+\mathcal{K}_{i+1})_{t}-vS_{|} \frac{1}{2}((2x-u)S_{|}.+S_{\dot{l},t})\end{array})$ ,
$S_{i}= \frac{1}{2}\sum_{j=0}^{i}x^{i-j}\mathcal{K}j$ $(0\leq i\leq n-1)$
. hierarchy (5) Lax pair (6),(7)
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$g_{n-1}=0,$ $g_{n}\neq 0$ [ .
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, (5) , $g_{n-1}=g_{n}=0,$ $g_{n+1}\neq 0$ hierarchy
$R^{n} \mathrm{u}_{t}+\sum_{i=0}^{n-1}c_{\dot{\iota}}R^{i}\mathrm{u}_{t}+g_{n+1}(\begin{array}{l}10\end{array})=(\begin{array}{l}00\end{array})$ (8)
, $P_{II}$ hierarchy Lax pair . $c_{n-1}$
0 ( ) ,
$R^{n} \mathrm{u}_{t}+\sum_{i=0}^{n-2}c_{1}.R^{i}\mathrm{u}_{t}+g_{n+1}(\begin{array}{l}10\end{array})=(\begin{array}{l}00\end{array})$ (9)
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. , $\partial_{t}K_{i+},$ $\ovalbox{\tt\small REJECT} R^{i}\mathrm{u}$,
, $\gamma$ , \mbox{\boldmath $\delta$}\dashv g ’
$\partial_{t}^{-1}R^{n}\mathrm{u}_{t}+\sum_{i=0}^{n-2}c_{i}\partial_{t}^{-1}R^{i}\mathrm{u}_{t}+g_{n+1}(\begin{array}{l}t0\end{array})=(\begin{array}{ll} \gamma\delta- \frac{1}{2}g_{n+1}\end{array})$ (10)
. [GJP] , $c_{i}$ $=0$ $(0\leq i\leq n-2)$ $P_{II}$ hierarchy
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$\partial_{t}^{-1}R^{n}\mathrm{u}_{t}+\sum_{i=0}^{n-2}c_{\dot{l}}\partial_{t}^{-1}R^{i}\mathrm{u}_{t}+g_{n+1}(\begin{array}{l}t0\end{array})=(\begin{array}{ll} 0\delta- \frac{1}{2}g_{n+1}\end{array})$ , (11)
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$\mathrm{K}_{n+1}+\sum_{i=0}^{n-2}\mathrm{c}_{i}\mathrm{K}_{i+1}+g_{n+1}(\begin{array}{l}t0\end{array})=(\begin{array}{ll} 0\delta- \frac{\mathrm{l}}{2}g_{n+1}\end{array})$ (12)
. (11),(12) $P_{I}$, hi-
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, (12) , (6),(7) $u,$ $v$ $t$ $n$ ,
$\frac{1}{2}g_{n+1}\Psi_{x}$ $=$ $A_{II}\Psi$ (13)
$\Psi_{t}$ $=$ $B\Psi$ , (14)
$A_{tt}=A_{II}^{(n)}+ \sum_{\dot{\iota}=0}^{n-2}$ $ciA\text{ }+A_{II}^{(-1)}$ ,
$A^{(}j_{I}^{)}=(\begin{array}{ll}-\frac{1}{2}((2x-u)S_{i}+S_{i,t}+\mathcal{K}_{i+1}) S_{i}-\frac{1}{2}((2x-u)S_{|}.+S_{i,t}+\mathcal{K}_{i+1})_{t}-vS_{i}+L_{\dot{|}+1} \frac{1}{2}((2x-u)S_{i}+S_{i,t}+\mathcal{K}_{+1}..)\end{array})$
$(0\leq i\leq n)$ ,
$A_{II}^{(-1)}=($ $- \delta\frac{1}{2}g_{n+1}-\frac{1}{+2}g_{n+1}t$ $\frac{1}{2}g_{n+1}t0$ ),
$B=(\begin{array}{ll}-x+\frac{u}{2} 1-v x-\frac{u}{2}\end{array})$ , $\Psi=(\begin{array}{l}\psi\varphi\end{array})$ ,
$S_{i}= \frac{1}{2}\sum_{j=0}^{i}x^{:-j}\mathcal{K}_{j}$ $(0\leq i\leq n)$
23
, ( ),(12) Lax pair . , 2
$[ \frac{\partial}{\partial t}-B,$ $\frac{g_{n+1}}{2}\frac{\partial}{\partial x}-A]$ (15)
$=(\begin{array}{ll}\mathcal{L}_{n+1}+\sum_{i=0}^{n-2}c_{i}\mathcal{L}_{i+1}-\delta+\frac{1}{2}g_{n+1} \mathcal{K}_{n+1}+\sum_{i=0}^{n-2}c_{i}\mathcal{K}_{i+1}+g_{n+1}tv(\mathcal{K}_{n+1}+\Sigma\dot{\iota}n-2c_{\dot{l}}\mathcal{K}_{i+1}+(2x-u)\cdot=0+g_{n+1}t)+ -\mathcal{L}_{n+1}-\sum_{i=0}^{n-2}c_{i}\mathcal{L}_{i+1}+\delta-\frac{1}{2}g_{n+1}.(\mathcal{L}_{n+1}+\sum_{i=0}^{n-2}c_{\dot{l}}\mathcal{L}_{i+\mathrm{l}}-\delta+\frac{1}{2}g_{n+1}) \end{array})$
( ).
2.3 $P_{IV}$ hierarchy $\mathrm{I}$
, (5) , $g_{n-1}=0,$ $g_{n}\neq 0$ hierarchy
$R^{n} \mathrm{u}_{t}+\sum_{i=0}^{n-1}c_{i}R^{i}\mathrm{u}_{t}+g_{n}R(\begin{array}{l}10\end{array})+g_{n+1}(\begin{array}{l}10\end{array})=(\begin{array}{l}00\end{array})$ (16)
. , erarchy $P_{IV}$ hierarchy I Lax pair
. , $c_{0},$ $g_{n+1}$ 0 ( ) ,
$R^{n} \mathrm{u}t+\sum_{i=1}^{n-1}$ Ri $\mathrm{u}t+g_{n}R$ $(\begin{array}{l}10\end{array})=(\begin{array}{l}00\end{array})$ (17)
. [K]
$(\begin{array}{l}uv\end{array})=\Phi[U, V]=(\begin{array}{l}UUV-V^{2}+V_{t}\end{array})$ (18)
, “ ” ; $R$
$R=B_{2}B_{1}^{-1}$




$B$ $=$ $\frac{1}{2}(\begin{array}{ll}2\partial_{t} \partial_{t}\partial_{t} 0\end{array})$ ,
$J$ $=$ $(\begin{array}{lll}1 0V U -2V+\partial_{t}\end{array})$ :\Phi Frech\’et ,
$J^{\dagger}$ $=$ $(\begin{array}{lll}1 V0 U -2V-\partial_{t}\end{array})$ : $J$ formal adjoint






, $\alpha,$ $\beta$ ,
$J^{\uparrow}[ (\begin{array}{l}\mathcal{L}_{n}\mathcal{K}_{n}\end{array})+\sum_{i=1}^{n-1}c_{i}(\begin{array}{l}\mathcal{L}_{\mathrm{i}}\mathcal{K}_{i}\end{array})+g_{n}(\begin{array}{l}0t\end{array})]=(\begin{array}{l}\alpha\beta\end{array})$ (19)
. hierarchy $P_{IV}$ hierarchyI .
, (19) , (6),(7) (18) $U,$ $V$ $t$ $n$
,
$\frac{1}{2}g_{n}x\Psi_{x}$ $=A_{IV}\Psi$ (20)
$\Psi_{t}$ $=$ B\Psi (21)
$A_{IV}=A_{IV}^{(n)}+. \sum_{1=1}^{n-1}$ $A_{IV}^{(i)}$ $+A_{IV}^{(-1)}+A_{IV}^{(-2)}$ ,
$A^{(}j_{V}^{)}=(\begin{array}{ll}-\frac{1}{2}((2x-U)S_{\dot{l}}+S_{i,t}) S_{\dot{*}}-\frac{1}{2}((2x-U)S_{\dot{l}}+S_{\dot{\iota},t}+\mathcal{K}_{i+1})_{t}-vS_{|} \frac{1}{2}((2x-U)S_{\dot{\iota}}+S_{\dot{\iota},t})\end{array})$
$(1\leq i\leq n)$ ,
$A_{IV}^{(-1)}=(\begin{array}{llll}-\frac{1}{4}(2x-U)g_{n}t- \frac{1}{4}g_{n} \frac{1}{2}g_{n}t -\frac{1}{2}g_{n}tv \frac{1}{4}(2x-U)g_{n}t+ \frac{1}{4}g_{n}\end{array})$ ,
$A_{IV}^{(-2)}=(\begin{array}{lll} -\frac{1}{4}F 0\frac{1}{2}G_{t}+ \frac{V}{2}F+2xG \frac{1}{4}F\end{array})$ ,
25
$B=(\begin{array}{ll}-x+\frac{U}{2} 1-v x-\frac{U}{2}\end{array})$ , $\Psi=(\begin{array}{l}\psi\varphi\end{array})$ ,
$S_{i}= \frac{1}{2}\sum_{j=0}^{i}x^{i-j}\mathcal{K}_{j}$ $(0\leq i\leq n)$ ,
$(\begin{array}{l}FG\end{array})=(\mathcal{F}’)^{\mathfrak{j}}[(\begin{array}{l}L_{n}\mathcal{K}_{n}\end{array})+\sum_{i=1}^{n-1}c_{i}(\begin{array}{l}\mathcal{L}_{i}\mathcal{K}_{i}\end{array})+g_{n}(\begin{array}{l}0t\end{array})]-(\begin{array}{l}\alpha\beta\end{array})$ ,
$v=UV-V^{2}+V_{t}$
, (19) Lax pair . , 2
$[ \frac{\partial}{\partial t}-B,$ $\frac{g_{n}}{2}x\frac{\partial}{\partial x}-A]$ (22)
$=(_{+\frac{1}{2}vF}^{+\frac{1}{4}F_{t}+\frac{1}{2}G_{t}+\frac{-11}{2}VF+2xG}- \frac{1}{2}[\mathcal{K}_{n+1,t}[\mathcal{L}_{n+1,t}+\sum^{i=}i=1^{C_{i}}\mathcal{L}_{i+1,t}n-1+(2v+v_{t}t)]++(2x-U-\partial_{t})(\frac{1}{2}G_{t}+\frac{\mathrm{n}_{1}2}{2}VF+2xG)++\sum n1c_{i}\mathcal{K}_{i+1,t}+_{2}^{L^{n}}(Ut)_{t}]+$ $\frac{1}{2}[\mathcal{K}_{n+1,\iota\dagger}+\sum_{-\frac{1}{4}F_{t}-\frac{1\mathrm{C}}{2}G_{t}-\frac{t1}{2}VF-2xG}i=1^{1\mathcal{K}_{i+1},+_{2}^{Ln}(Ut)_{t}]-)}n-1\frac{1}{2}F$
( ).
, hierarchy (17) .
2.4 $P_{IV}$ hierarchy II
, $P_{IV}$ hierarchy I (17) , $P_{IV}$





















$\ovalbox{\tt\small REJECT}$ $=$ $K_{n}L_{n,t}+vK_{n}^{2}+L_{n}^{2}-K_{n,t}L_{n}+uK_{n}L_{n}$
. (17) ,
$t$ ,
$\frac{\partial}{\partial t}(\begin{array}{l}I_{n}J_{n}\end{array})$ $=$ $(\begin{array}{ll}-2 02L_{n} 2K_{\mathrm{n}}\end{array})R(\begin{array}{l}K_{n,t}L_{n,t}\end{array})$
$=$ $(\begin{array}{ll}-2 02L_{n} 2K_{n}\end{array})[R^{n}\mathrm{u}_{t}+\sum_{\dot{\iota}=1}^{n-1}$ $R^{i}\mathrm{u}_{t}+g_{n}R$ $(\begin{array}{l}10\end{array})]$
$=$ $(\begin{array}{l}00\end{array})$





. hierarchy $c_{i}=0$ $(1 \leq i\leq n-1)$ [GJP] $P_{IV}$
hierarchy $g_{n+1}=0$ , (23) $P_{IV}$ hierarchy II
. , hierarchy $n=1$ , Painlev\’e 4
system .
, (23) (6),(7) $u,$ $v$ $t$ $n$ ,
$\frac{g_{n}}{2}x\Psi_{x}$ $=A_{IV’}\Psi$ (24)
$\Psi_{t}$ $=B\Psi$ , (25)
27
$A_{IV’}=A_{IV}^{(n)},$ $+ \sum_{i=1}^{n-1}c_{i}A_{IV}^{(i)},$ $+A_{IV}^{(-1)},+A_{I\mathrm{V}’}^{(2)},$ ,
$A_{IV}^{(i)},$ $=(\begin{array}{ll}-\frac{1}{2}((2x-u)S_{i}+S_{i,t}+\mathcal{K}_{i+1}) S_{i}-\frac{1}{2}((2x-u)S_{i}+S_{i,t}+\mathcal{K}_{i+1})_{t}-vS_{i} \frac{1}{2}((2x-u)S_{i}+S_{i,t}+\mathcal{K}_{i+1})\end{array})$
$(1\leq i\leq n)$ ,
$A_{IV}^{(-1)},=(\begin{array}{ll}-4f_{-\frac{x}{2}g_{n}t-\ 4} -\frac{1}{2}g_{n}t-\frac{v}{2}g_{n}t \iota+\frac{x}{2}g_{n}t+\ 44\end{array})$ ,
$A_{IV}^{(-2)},=(\begin{array}{ll}0 0-\frac{K_{n}L_{n,t}+vK_{n}^{2}-\iota_{n}^{2}-(\gamma+g_{n})L_{n}-\delta-\mathrm{g}\mathrm{n}_{\gamma}}{K_{n}} 0\end{array})$ ,
$B=(\begin{array}{ll}-x+\frac{u}{2} 1-v x-\frac{u}{2}\end{array})$ , $\Psi=(\begin{array}{l}\psi\varphi\end{array})$ ,
$S_{i}= \frac{1}{2}\sum_{j=0}^{i}x^{i-j}\mathcal{K}_{j}$ $(0\leq i\leq n)$
, (23) Lax pair . , 2
$[ \frac{\partial}{\partial t}-B,$ $\frac{g_{n}}{2}x\frac{\partial}{\partial x}-A]$ (26)
$=(\begin{array}{ll}-\frac{K_{n}L_{n_{\prime}t}+vK_{n}^{2}-L_{n}^{2}-(\gamma+g_{n})L_{n}-\delta-fl \mathrm{n}_{\gamma}}{K_{n}} \frac{1}{2}(uK_{n}-K_{n,t}+2L_{n}+\gamma+g_{n})\mathcal{L}_{n+1,t}+\sum_{i=1}^{n-\mathrm{l}}c_{i}\mathcal{L}_{l+1,t}+L^{n}v_{t}t+g_{\mathrm{n}}2v+ +\frac{v}{2}(uK_{\mathrm{n}}-K_{n,t}+2L_{n}+\gamma+g_{n})+ \frac{K_{n}L_{\hslash_{|}t}+vK_{n}^{2}-L_{n}^{2}-(\gamma+g_{n})L_{n}-\delta-fl \mathrm{n}_{\gamma}}{K_{n}}+(2x-u+\partial_{t})\cdot .\frac{K_{n}L_{n,t}+vK_{n}^{2}-L_{n}^{2}-(\gamma+g_{n})L_{n}-\delta-\mathrm{n}_{\gamma}}{K_{n}} \end{array})$
( ).
2 hierarchy large parameter $\eta$
WKB .
3large parameter $P_{II}$ hierarchy WKB
, $P_{II}$ hierarchy WKB . , 3.1
$P_{II}$ hierarchy Lax pair large parameter y7 , 32 $\eta$
, $\eta$ (0- )
. , 33 0- Lax pair
. , 3.4 Stokes
, (Lax pair ) Stokes .
28
3.1 large parameter
$P_{II}$ hierarchy (11),(12) ( Lax pair (13),(14) large
parameter $\eta$ . , Lax pair , Lax pair $\ovalbox{\tt\small REJECT}_{arrow}^{\wedge}$ large
parameter WKB .
, Lax pair system , (13),(14) large parameter
$\eta$ 0 2 $\cross$ 2. $\tilde{A},\tilde{B}$
$\frac{1}{2}g_{n+1}\Psi_{x}$ $=$ $\eta\tilde{A}\Psi$
$\Psi_{t}$ $=$ $\eta\tilde{B}\Psi$
. , WKB large parameter
, $\eta$
. , (14)
$t-*t\eta^{T}$ , $u\mapsto+u\eta^{1-T}$ , $v\vdasharrow v\eta^{2(1-T)}$ ,
$x\vdash+x\eta^{1-T}$ , $\psi\mapsto*\psi$ , $\varphi\vdash+\varphi\eta^{1-T}$
large parameter . ( $T$ )
, $\mathrm{K}_{:+1}={}^{t}(\mathcal{K}_{i+1}, \mathcal{L}_{i+1})$ large parameter ,
$\mathcal{K}_{i+1}$ $\eta^{(i+1)(1-T)}\tilde{\mathcal{K}}_{i+1}$ , $\mathcal{L}_{i+1}$ $\eta^{(i+2)(1-T)}\tilde{\mathcal{L}}_{i+1}$ , $\tilde{\mathrm{K}}_{\dot{\iota}+1}=(\begin{array}{l}\tilde{\mathcal{K}}_{i+1}\tilde{\mathcal{L}}_{\dot{\iota}+1}\end{array})$
( , $\tilde{\mathcal{K}}_{i+1},\tilde{\mathcal{L}}_{i+1}$ $\eta$ 0 )
, (13) (14) ,
$g_{n+1}$ $g_{n+1}\eta^{(n+1)(1-T)-T}$ , $\delta$ $\delta\eta^{(n+2)(1-T)}$ ,
$c_{i}-*c_{i}\eta^{(n-i)(1-T)}$ $(0\leq i\leq n-2)$
large parameter $\eta$ .
(13),(14) large parameter $\eta$
$\frac{1}{2}g_{n+1}\Psi_{x}$ $=$ $\eta\tilde{A}_{II}\Psi$ (27)





$(0\leq i\leq n)$ ,
$\tilde{A}_{II}^{(-1)}=($ $- \delta+_{2}^{\mathrm{L}_{-}^{\frac{n}{}1}}g_{n+1}-\frac{1}{2}g_{+1}t$ $\frac{1}{2}g_{n+1}t0$ ), $\tilde{B}=(\begin{array}{ll}-x+\frac{u}{2} 1-v x-\frac{u}{2}\end{array})$ ,
$\tilde{S}_{i}=\frac{1}{2}\sum_{j=0}^{i}x^{\dot{\iota}-j}\tilde{\mathcal{K}}_{j}$
.
, (11) # large parameter ,
$\partial_{t}^{-1}\frac{1}{2^{n}}(\begin{array}{ll}\partial_{t}u\partial_{t}^{-1}-\partial_{t}\eta^{-1} 22v+v_{t}\partial_{t}^{-1} u+\partial_{t}\eta^{-1}\end{array}) (\begin{array}{l}u_{t}v_{t}\end{array})$
$+ \sum_{i=0}^{n-2}c_{i}\partial_{t_{2}^{\neg}}^{-11}$. $(\begin{array}{lll}\partial_{t}u\partial_{t}^{-1} -\partial_{t}\eta^{-\mathrm{l}} 22v+v_{t}\partial_{t}^{-1} u+\partial_{t}\eta^{-1}\end{array})(\begin{array}{l}u_{t}v_{t}\end{array})$ (29)
$+(\begin{array}{l}g0\end{array})=(\begin{array}{l}0\delta\end{array})$
, $\tilde{\mathcal{K}}_{i+1}$ , $+1$
$\tilde{\mathrm{K}}_{n+1}+\sum_{i=0}^{n-2}c_{i}\tilde{\mathrm{K}}_{i+1}+g_{n+1}(\begin{array}{l}t0\end{array})=(\begin{array}{l}0\delta-\mathit{1}_{\frac{-1}{2}g_{n+1}}\end{array})$ (30)
. , $P_{II}$ hierarchy Lax pair large parameter
.
, $\tilde{\mathcal{K}}_{i+1}$ , 1
. , $\mathcal{K}_{i+1},\mathcal{L}_{i+1}$ $\tilde{\mathcal{K}}_{:+1},\tilde{\mathcal{L}}_{i+1}$
$(\begin{array}{l}\tilde{\mathcal{K}}_{i+1}\tilde{\mathcal{L}}_{i+1}\end{array})=\partial_{t}^{-1}\frac{1}{2^{1}}$. $(\begin{array}{ll}\partial_{t}u\partial_{t}^{-1}-\partial_{t}\eta^{-\mathrm{l}} 22v+v_{t}\partial_{t}^{-1} u+\partial_{t}\eta^{-\mathrm{l}}\end{array})(\begin{array}{l}u_{t}v_{t}\end{array})$ (31)




( , $\tilde{\mathcal{K}}_{i+1,k},\tilde{\mathcal{L}}_{i+1,k}$ $(0\leq k\leq i)$ $\eta$ $u,$ $v$ )
.
$(\begin{array}{l}\mathcal{K}_{i+1,i}\tilde{\mathcal{L}}_{i+1,i}\end{array})\sim=(\begin{array}{l}u_{it}(\frac{1}{2})^{i}v_{it}\end{array})$
, (91 large parameter ,
$\tilde{\mathcal{K}}_{i+1}$ $=$ 1 $(u\tilde{\mathcal{K}}_{i}-\eta^{-1}\tilde{\mathcal{K}}_{\dot{\iota},t}+2\tilde{\mathcal{L}}_{i})$ (32)
$\tilde{\mathcal{L}}_{i+1}$ $=$ $\frac{1}{2}(\frac{1}{2}\sum_{m=0}^{i-1}(\eta^{-1}\tilde{\mathcal{L}}_{m+1,t}\tilde{\mathcal{K}}_{1-m-1}$.
-L\tilde +lL\tilde i-m-l+K\tilde i-m-lvK\tilde m\rightarrow +vK\tilde i)(33)




, large parameter $\eta$ (30)
, $\eta$ .
$(\begin{array}{l}\tilde{F}\tilde{G}\end{array})$ $=$ $(\begin{array}{lll}F_{0}+\eta^{-1}F_{1}+ \cdots +\eta^{-n}F_{n}G_{0}+\eta^{-1}G_{1}+ \eta^{-n}G_{n}\end{array})$
$=$ $\tilde{\mathrm{K}}_{n+1}+\sum_{i=0}^{n-2}c_{i}\tilde{\mathrm{K}}_{i+1}+g_{n+1}(\begin{array}{l}t0\end{array})-(\begin{array}{l}0\delta-\mathrm{L}_{-g_{n+1}}^{1}2\end{array})$ (34)
, $u,$ $v$ $F_{0},$ $\ldots,$ $F_{n},$ $G_{0},$ $\ldots,$ $G_{n}$ $\tilde{F},\tilde{G}$ . ,
$\tilde{\mathcal{K}}_{i},\tilde{\mathcal{L}}_{i}$ , $F_{0}=F_{0}(t, u, v),$ $G_{0}=G_{0}(t, u, v)$ $t,$ $u,$ $v$
. $F_{0},$ $G_{0}$ $\Delta$
$\Delta=\{t\in \mathbb{C}$
$u,$ $v$ { ,
$F_{0}(t, u, v)=G_{0}(t, u, v)= \frac{\partial F}{\partial u}\alpha_{\frac{\partial G}{\partial}}\Delta-\frac{\partial F}{\partial}\mathrm{A}_{\frac{\partial G}{\theta u}}\mathrm{A}=0vv\}$
.
, (30) $\eta^{-1}$ .
3.1
$t_{0}$
$\Delta$ $\mathbb{C}$ , $t_{0}$ $\mathcal{U}$ , (30) $\eta^{-1}$




$u_{j}(t),$ $v_{j}(t)$ $\mathcal{U}$ $\mathrm{H}|$ $(j\geq 0)$
$F_{0}(t, u_{0}(t),$ $v_{0}(t))=G_{0}(t, u_{0}(t),$ $v_{0}(t))=0$ $(t\in \mathcal{U})$




$F_{0}(t_{0}, u_{0}(t_{0}),$ $v_{0}(t_{0}))=G_{0}(t_{0}, u_{0}(t_{0}),$ $v_{0}(t_{0}))=0$
, $t_{0}\not\in\Delta$ ,
$u_{0}(t),$ $v_{0}(t)$ $\mathcal{U}$ ,
$F_{0}(t, u_{0}(t),$ $v_{0}(t))=G_{0}(t, u_{0}(t),$ $v_{0}(t))=0$ $(t\in \mathcal{U})$
$u_{0}(t),$ $v_{0}(t)$ $t_{0}$ $\mathcal{U}$ . ( $\mathcal{U}\cap\Delta=\emptyset.$ )
, (30) u=\^u(t, $\eta$), $v=\hat{v}(t, \eta)$ $\eta^{-1}$ ,
$\frac{\partial F_{0}}{\partial u}(u_{0}(t), v_{0}(t))u_{1}+\frac{\partial F_{0}}{\partial v}(u_{0}(t), v_{0}(t))v_{1}+(u_{0}(t), v_{0}(t)$ ) $=0$
$\frac{\partial G_{0}}{\partial u}(u_{0}(t), v_{0}(t))u_{1}+\frac{\partial G_{0}}{\partial v}(u_{0}(t), v_{0}(t))v_{1}+(u_{0}(t), v_{0}(t)$ ) $=0$
. $t\in \mathcal{U}$ , $u_{1},$ $v_{1}$ , (i)
$u_{1}(t),$ $v_{1}(t)$ .
, $u_{m-1}(t),$ $v_{m-1}(t)$ , (30)& u=\^u $(t, \eta),$ $v=\hat{v}(t, \eta)$
$\eta^{-m}$
$\frac{\partial F_{0}}{\partial u}(u_{0}(t), v_{0}(t))u_{m}+\frac{\partial F_{0}}{\partial v}(u_{0}(t), v_{0}(t))v_{m}$
$+$ ($u_{0}(t),$ $\cdots,$ $u_{m-1}(t),$ $v_{0}(t),$ $\cdots,$ $v_{m-1}(t)$ ) $=0$
$\frac{\partial G_{0}}{\partial u}(u_{0}(t), v_{0}(t))u_{m}+\frac{\partial G_{0}}{\partial v}$ ($u_{0}(t)$ , v0O) $)$v
$+$ ($u_{0}(t),$ $\cdots,$ $u_{m-1}(t),$ $v_{0}(t),$ $\cdots,$ $v_{m-1}(t)$ ) $=0$
, $u_{1},$ $v_{1}$ , (i) $u_{m}(t),$ $v_{m}(t)$ .
( )
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$\eta$ \emptyset F , $v=V+$ $u_{2}-\eta.1$ $\tilde{\mathcal{K}}_{i+1}$













$=$ $V+ \frac{u_{t}}{2}\eta^{-1}$ ,
$\hat{\mathcal{L}}_{1}-\frac{1}{2}\eta^{-1}\partial_{t}\hat{\mathcal{K}}_{1}=V$.
, $i$
$\partial_{t}(\begin{array}{l}\hat{\mathcal{K}}_{\dot{\iota}+1}\hat{\mathcal{L}}_{\dot{\iota}+1}\end{array})=\frac{1}{2}(\begin{array}{ll}\partial_{t}u-\eta^{-1}\partial_{t}^{2} 2\partial_{t}(2V\partial_{t}+V_{t})+(u_{t}\partial_{t}+\frac{1}{2}u_{tt})\eta^{-1} u\partial_{t}+\eta^{-1}\partial_{t}^{2}\end{array}) (\begin{array}{l}\hat{\mathcal{K}}_{i}\hat{\mathcal{L}}_{\dot{l}}\end{array})$ ,
$\vee\supset \text{ }$
$\partial_{t}\hat{\mathcal{K}}_{\dot{\iota}+1}$ $=$ $\partial_{t}[\frac{1}{2}($ $u \hat{\mathcal{K}}_{i}+2(\hat{\mathcal{L}}_{i}-\frac{1}{2}\eta^{-1}\partial_{t}\hat{\kappa}_{:}))]$ ,
$\partial_{t}(\hat{\mathcal{L}}_{i+1}-\frac{1}{2}\eta^{-1}\partial_{t\dot{*}+1}\hat{\mathcal{K}})$ $=$ $\frac{1}{2}(2V\hat{\mathcal{K}}:,t+V_{t}\hat{\mathcal{K}}_{i}+\frac{1}{2}\eta^{-2}\hat{\mathcal{K}}_{\dot{l},t\mathrm{t}t}+u\partial_{t}(\hat{\mathcal{L}}_{i}-\frac{1}{2}\eta^{-1}\partial_{t}\hat{\mathcal{K}}_{i}))$
$\mathrm{B}^{\grave{\grave{\mathrm{a}}}}\text{ _{}\mathrm{t}}[perp]^{-}" \mathrm{t}\text{ }$ . \ddagger $’ \supset \text{ },\hat{\mathcal{K}}_{\dot{\iota}+1},\hat{\mathcal{L}}_{\dot{*}+1}-\frac{1}{2}\eta^{-1}\partial_{t}\hat{\mathcal{K}}_{i+1}$ $\eta$ $\text{ }\wedge^{\backslash ^{\backslash }}$ $\text{ }-\mathrm{c}*\text{ }\mathrm{F}1\text{ }‘-\text{ }\mathrm{B}^{\dot{\mathrm{a}}*_{\mathit{2}\text{ }}}$
$.\vee$ . $\sigma$) $\ovalbox{\tt\small REJECT} \text{ }\mathrm{o}\mathrm{e}\grave{\prime)}$
$( \hat{\mathcal{L}}_{n+1}+\sum_{\dot{l}=0}^{n-2}\mathrm{q}.\hat{\mathcal{L}}_{\dot{l}+1}-\delta+\frac{\eta^{-1}}{2}g_{n+1)}-\frac{1}{2}\eta^{-1}\partial_{t}(\hat{\mathcal{K}}_{n+1}+\sum_{i=0}^{n-2}$ C\sim :+l+gn+lt)
$=( \hat{\mathcal{L}}_{n+1}-\frac{1}{2}\eta^{-1}\partial_{t}\hat{\mathcal{K}}_{n+1})+.\sum_{1=0}^{n-2}c_{i}(\hat{\mathcal{L}}_{i+1}-\frac{1}{2}\eta^{-1}\partial_{t}\hat{\mathcal{K}}_{i+1})-\delta$










, , (30) 0- (37) Lax pair
(27),(28) $u,$ $v$ .
, $A_{II}$
$II$ . .






$\tilde{S}_{i}=\tilde{S}_{i}|_{u=\dot{u},v=\dot{v}}=S_{\dot{\iota},0}+\eta^{-1}S_{i,1}+\cdots$ $(0\leq i\leq n)$ ,
$\tilde{\mathcal{K}}_{i+1}=\tilde{\mathcal{K}}_{1+1}.|_{u=\dot{u},v=\dot{v}}=\mathcal{K}_{i+1,0}+\eta^{-1}\mathcal{K}_{i+1,1}+\cdots$ $(0\leq i\leq n)$ ,




. , 0- (37) $\tilde{\mathcal{K}}_{i}$ $\eta$
$A_{0}^{(1)}.=(\begin{array}{lll}-(x-u_{2}\Delta)S_{i,0}- \frac{1}{2}\mathcal{K}_{i+1,0} S_{i,0}-v_{0}S_{i,0}+\mathcal{L}_{\dot{\iota}+1,0} (x-\mathrm{u}_{2}\Delta)S_{\dot{l},0}+\frac{1}{2}\mathcal{K}_{i+1,0}\end{array})$ $(0\leq i\leq n)$ ,
$A_{1}^{(i)}=(\begin{array}{ll}-\frac{1}{2}S_{i,0_{\prime}t} 0-\frac{u_{0\ell}}{2}S_{|}.,\mathrm{o}-\frac{1}{2}[(2x-u_{0})S_{i,0}+\mathcal{K}..+1,\mathrm{o}]_{t}+\mathcal{L}_{i+1,1} \frac{1}{2}S_{\dot{\iota},0,t}\end{array})$ $(0\leq i\leq n)$ ,
34
$A_{0}^{(-1)}=(\begin{array}{ll}-\frac{1}{2}g_{n+1}t 0-\delta \frac{1}{2}g_{n+1}t\end{array})$ , $A_{1}^{(-1)}=(\begin{array}{ll}0 0\frac{1}{2}g_{n+1} 0\end{array})$ ,
$A_{0}=(\begin{array}{ll}-(x-u_{2}\Delta)T_{0} T_{0}-v_{0}T_{0} T_{0}\end{array})$ ,
$A_{1}=(\begin{array}{lll} -\frac{1}{2}T_{0,t} 0-\frac{u_{0t}}{2}T_{0}- \frac{1}{2}[(2x-u_{0})T_{0}]_{t}+\frac{1}{2}g_{n+1} \frac{1}{2}T_{0,t}\end{array})$ ,



















$\mathrm{t}\mathrm{r}A_{0}=0,$ $\mathrm{t}\mathrm{r}B_{0}=0$ . , (27),(28) turning point
$(x, t)$ ,
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1 simple turning point, 2
double turning point . , $t$
, $x$ ( $t$ ) ( , “turning point $x\ovalbox{\tt\small REJECT} x(t\ovalbox{\tt\small REJECT}’$
( . , (27) simple turning point generic
$-(x- \frac{u_{0}}{2})^{2}\cdot+v_{0}=0$
, $a_{1}(t),$ $a_{2}(t)$ . , (27) double turning point generic
$S_{n,0}+ \sum_{i=0}^{n-2}c_{i}S_{\dot{\iota},0}=0$ (40)
, $S_{i,0}$ $x$ $i$ $x^{i}$ 1 ,
$n$ ) $b_{1}(t),$ $b_{2}(t),$ $\cdots,$ $b_{n}(t)$ . , (28) turning point
$-(x- \frac{u_{0}}{2})^{2}+v_{0}=0$
, $a_{1}(t),$ $a_{2}(t)$ .
, (30) u=\^u, v=H
. $\tilde{\mathcal{K}}_{*+1}.,\tilde{\mathcal{L}}_{i+1}$ $u,$ $v$ u=\^u, $v=\hat{v}$ u=\^u+\Delta u, $v=\hat{v}+\Delta v$
, $\Delta u,$ $\Delta v$ , $\Delta\tilde{\mathcal{K}}_{i+1}$ , \Delta 1 .
,
$\Delta\tilde{\mathcal{K}}_{i+1}=P_{1}^{\mathrm{t}}\mathrm{i}^{+1)}(t, \eta^{-1}\frac{d}{dt}, \eta^{-1})\Delta u+P_{12}^{(i+1)}(t, \eta^{-1}\frac{d}{dt}, \eta^{-1})\Delta v$
$\Delta\tilde{\mathcal{L}}_{\mathrm{f}+1}=P_{21}^{(i+1)}(t, \eta^{-1}\frac{d}{dt}, \eta^{-1})\Delta u+P_{22}^{(i+1)}(t, \eta^{-1}\frac{d}{dt}, \eta^{-1})\Delta v$
. $P_{kl}^{(i+1)}$
$P_{kl}^{(i+1)}(t, \eta^{-1}\frac{d}{dt}, \eta^{-1})=P_{kl,0}^{(i+1)}(t, \eta^{-1}\frac{d}{dt})+\eta^{-1}P_{kl,1}^{(i+1)}(t, \eta^{-1}\frac{d}{dt})+\cdots$
$(1\leq k, l\leq 2)$
( , $\eta^{-1}\frac{d}{dt}$ )
. , (30) u=\^u, v=H
$\{$




$[P_{11}^{(n+1)}+ \sum_{1=0}^{n-2}$. $P_{1}^{(}\mathrm{i}^{+1)}]$ $\Delta u+[P_{12}^{(n+1)}+\sum_{i=0}^{n-2}$ $P_{12}^{(\mathrm{i}+1)}]$ $\Delta v=0$
$[P_{21}^{(n+1)}+ \sum_{i=0}^{n-2}$ $P_{2}$( $1$ ) $]$ $\Delta u+[P_{22}^{(n+1)}+\sum_{i=0}^{n-2}$ $P_{22}^{(1+1)}]$ $\Delta v=0$
(42)
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. , $\ovalbox{\tt\small REJECT}!" 1$ )($t,$ $\eta^{-\ovalbox{\tt\small REJECT}}$ , \eta - $\ovalbox{\tt\small REJECT} \mathrm{j}^{\ovalbox{\tt\small REJECT})}$ . ,
,
$\det[$ ( $P_{21,0}^{(n+1)}(t,\nu)P_{11,0}^{(n+1)}(t,\nu)$ $P_{22,0}^{(n+1)}(t,\nu)P_{12,0}^{(n+1)}(t,\nu)$ ) $+ \sum_{i=0}^{n-2}c_{i}(P_{21,0}^{(i+1)}(t,\nu)P_{11,0}^{(i+1)}(t,\nu)$ $P_{22,0}^{(i}(t,\nu)P_{120,\dotplus_{1)}}^{(i+1)}(t,\nu))]=0$ (43)




( $P_{21,0}^{(i}(t,\nu)P_{1}^{(}\mathrm{i}_{\dotplus^{0_{1)}}}^{+1)}(t,\nu)$ $P_{22,0}^{(i}(t, \nu)P_{120,\dotplus_{1)}}^{(\dot{\iota}+1)}(t,\nu))=\sum_{j=0}^{i}\frac{\mathcal{K}_{j-j,0}}{2}\mathcal{R}^{j}$ , (44)
$\mathcal{R}=(\begin{array}{ll}\frac{1}{2}(u_{0}-\nu) 1v_{0} \frac{1}{2}(u_{0}+\nu)\end{array})$ .
( )
$\tilde{\mathcal{K}}_{i+1},\tilde{\mathcal{L}}:+1$ $\overline{\mathcal{K}}_{\dot{l}},\tilde{\mathcal{L}}_{i}$
$\eta^{-1}\partial_{t}\Delta\tilde{\mathcal{K}}_{i+1}$ $=$ $\frac{1}{2}\eta^{-1}\partial_{t}(\Delta u\tilde{\mathcal{K}}_{i}+\hat{u}\Delta\tilde{\mathcal{K}}_{i}-\Delta\tilde{\mathcal{K}}_{i,t}\eta^{-1}+2\Delta\tilde{c}_{:})$
$\eta^{-1}\partial_{t}\Delta\tilde{\mathcal{L}}_{i+1}$ $=$ $\frac{1}{2}(2\Delta v\eta^{-1}\tilde{\mathcal{K}}_{i,t}+2\hat{v}\eta^{-1}\Delta\tilde{\mathcal{K}}_{i,t}+\Delta v_{t}\eta^{-1}\tilde{\mathcal{K}}.\cdot$
$+\hat{v}_{t}\eta^{-1}\Delta\tilde{\mathcal{K}}_{i}+\Delta u\tilde{\mathcal{L}}_{i,t}\eta^{-1}+\hat{u}\Delta\tilde{\mathcal{L}}_{i,t}\eta^{-1}+\Delta\tilde{\mathcal{L}}_{i,tt}\eta^{-2})$
,
$\Delta\tilde{\mathcal{K}}_{\dot{\epsilon}+1}$ $=$ $P_{1}^{(}\dot{\mathrm{i}}^{+1)}\Delta u+P_{12}^{(i+1)}\Delta v$
$=$ $\frac{1}{2}(\tilde{\mathcal{K}}_{\dot{l}}\Delta u+\hat{u}(P_{1}^{(}\mathrm{i}^{)}\Delta u+P_{12}^{(i)}\Delta v)$
$-\eta^{-1}\partial_{t}(P_{11}^{(i)}\Delta u+P_{12}^{(i)}\Delta v)+2(P_{2}^{(}\mathrm{i}^{)}\Delta u+P_{22}^{(\dot{\iota})}\Delta v))$




$=$ $\frac{1}{2}(2\eta^{-1}\tilde{\mathcal{K}}_{i,t}\Delta v+2\hat{v}\eta^{-1}\partial_{t}(P_{11}^{(i)}\Delta u+P_{12}^{(i)}\Delta v)+\tilde{\mathcal{K}}_{i}\eta^{-1}\partial_{t}\Delta v$
$+\hat{v}_{t}\eta^{-1}(P_{11}^{(i)}\Delta u+P_{12}^{(i)}\Delta v)+\tilde{\mathcal{L}}_{i,t}\eta^{-1}\Delta u$
$+\hat{u}\eta^{-1}\partial_{t}(P_{21}^{(i)}\Delta u+P_{22}^{(i)}\Delta v)+\eta^{-2}\partial_{t}^{2}(P_{21}^{(i)}\Delta u+P_{22}^{(\iota)}.\Delta v))$
$=$ $\frac{1}{2}[\eta^{-1}\partial_{t}\{$ $(2\hat{v}P_{11}^{(i)}+\hat{u}P_{21}^{(i)}+\eta^{-1}\partial_{t}P_{21}^{(i)})\Delta u$
$+(\tilde{\mathcal{K}}_{i}+2\hat{v}P_{12}^{(i)}+\hat{u}P_{22}^{(i)}+\eta^{-1}\partial_{t}P_{22}^{(\iota)})\Delta v\}$
$+\eta^{-1}\tilde{\mathcal{K}}_{i,t}\Delta v-\hat{v}_{t}\eta^{-1}(P_{1}^{(}\mathrm{i}^{)}\Delta u+P_{12}^{(i)}\Delta v)$
$+\tilde{\mathcal{L}}_{i,t}\eta^{-1}\Delta u-\hat{u}_{t}\eta^{-1}(P_{21}^{(i)}\Delta u+P_{22}^{(i)}\Delta v)]$
. $\eta^{-1}\partial_{t}$ $\nu$ $\eta^{-1}$ ,
$\{P_{22,0}^{(i+1)}(t,\nu)=\frac{1}{2}P_{12,0}^{(i+1)}(t,\nu)=\frac{1}{2}P_{11,0}^{(i+1)}(t,\nu)=\frac{1}{2}P_{21,0}^{(i+1)}(t,\nu)=\frac{1}{2}\{$
$\mathcal{K}_{i,0}+u_{0}P_{11,0}^{(i)}(t, \nu)-\nu P_{11,0}^{(i)}(t, \nu)+2P_{21,0}^{(i)}(t, \nu))$
$u_{0}P_{12,0}^{(i)}(t, \nu)-\nu P_{12,0}^{(i)}(t, \nu)+2P_{22,0}^{(i)}(t, \nu))$
$2v_{0}P_{1}^{(}\mathrm{i}_{0}^{)},(t, \nu)+u_{0}P_{21,0}^{(i)}(t, \nu)+\nu P_{21,0}^{(i)}(t, \nu))$
$\mathcal{K}_{i,0}+2v_{0}P_{12,0}^{(i)}(t, \nu)+u_{0}P_{22,0}^{(i)}(t, \nu)+\nu P_{22,0}^{(i)}(t, \nu))$
.
$(\begin{array}{ll}P_{11,0}^{(i+1)}(t \nu)P_{2}^{(}\mathrm{i}_{0}^{+1)},(t \nu)\end{array})=\mathcal{R}(\begin{array}{l}P_{11,0}^{(i)}(t,\nu)P_{2}^{(}\mathrm{i}_{\prime}^{)}\mathrm{o}(t,\nu)\end{array})+(\begin{array}{l}\mathrm{i}_{|}^{0}\kappa_{2}0\end{array})$
$(\begin{array}{ll}P_{12,0}^{(\iota+1)}(t \nu)P_{22,0}^{(i+1)}(t,\nu) \end{array})=\mathcal{R}(\begin{array}{ll}P_{12_{\prime}0}^{(i)}(t \nu)P_{22,0}^{(\mathrm{a})}(t \nu)\end{array})+(\begin{array}{l}0\frac{\mathcal{K}.\mathrm{o}}{2}\end{array})$
$(\begin{array}{ll}P_{11_{\prime}0}^{(i+1)}(t \nu)P_{2}^{(}\mathrm{i}_{0}^{+1)},(t,\nu) \end{array})=\mathcal{R}^{i}(\begin{array}{l}P_{11,0}^{(1)}(t,\nu)P_{21,0}^{(1)}(t,\nu)\end{array})+\sum_{j=0}^{i-1}\mathcal{R}^{j}(\begin{array}{l}\frac{\kappa_{*-}}{2}..arrow 00\end{array})$
$(\begin{array}{l}P_{\mathrm{l}2,0}^{(|+1)}(t,\nu)P_{22_{\prime}0}^{(i+1)}(t,\nu)\end{array})=\mathcal{R}^{\dot{l}}(\begin{array}{l}P_{12,0}^{(1)}(t,\nu)P_{22,0}^{(1)}(t,\nu)\end{array})+\sum_{j=0}^{i-1}\mathcal{R}^{j}(\begin{array}{l}0\mathcal{K}_{j-0\tilde{2}}.\end{array})$
. , $\Delta\tilde{\mathcal{K}}_{1}=\Delta u,$ $\Delta\tilde{\mathcal{L}}_{1}=\Delta v$
$(\begin{array}{ll}P_{11,0}^{(1)}(t \nu)P_{21,0}^{(1)}(t,\nu) \end{array})=(\begin{array}{l}10\end{array})$ , $(\begin{array}{l}P_{12,0}^{(\mathrm{l})}(t,\nu)P_{22,0}^{(1)}(t,\nu)\end{array})=(\begin{array}{l}01\end{array})$
, .
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(i) (27) (38) (28) (39)
{ (38) } $= \frac{4}{g_{n+1}^{2}}(S_{n,0}+.\sum_{1=0}^{n-2}c:S_{i,0})^{2}\cross$ { (39) }
. , (27) turning point (40)







$\frac{\partial}{\partial t}\lambda\pm=\frac{\partial}{\partial x}\mu\pm$ ( )
.
(iii) (30) u=\^u, v=H $C(t, \nu)$
$C(t, \nu)=(-1)^{n}.\prod_{j=1}^{n}\det(\mu-B_{0})$ $|_{\mu=,x=b_{\mathrm{j}}}\mathrm{g}$ (46)




(ii) Lax pair (27),(28) ,
$[ \frac{\partial}{\partial t}-\eta\tilde{B},$ $\frac{g_{n+1}}{2}\frac{\partial}{\partial x}-\eta\tilde{A}]=-\eta\tilde{A}_{t}+\eta^{2}\overline{B}\tilde{A}-\eta^{2}\tilde{A}\tilde{B}+\frac{g_{n+1}}{2}\eta\tilde{B}_{x}=0$ .
$[A_{0}, B_{0}]=0$ $\eta^{2}$ 0. $\eta^{1}$ ,
$-A_{0,t}+B_{0}A_{1}+B_{1}A_{0}-A_{0}B_{1}-A_{1}B_{0}+ \frac{g_{n+1}}{2}B_{0;x}=0$ .





$\sqrt{(x-\frac{u_{0}}{2})^{2}-v_{0}}\frac{\partial\lambda_{+}}{\partial t}$ $=$ $\frac{2}{g_{n+1}}T_{0,t}((x-\frac{u_{0}}{2})^{2}-v_{0})$
$- \frac{1}{g_{n+1}}T_{0}((x-\frac{u_{0}}{2})u_{0,t}+v_{0,t})$
$=$ $(x- \frac{u_{0}}{2})$























(30) turning point Stokes ,
(27) Stokes
.
, (30) turning point Stokes .
3.1
(i) $C(t, \nu)$ $t=\tau$ (30) turning point
. , $\nu_{j}(t)$ $\nu_{j}$ ’ (t) turning point type $(j,j’)$
turning point .
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(ii) $t=\tau$ (30) type $(j, j’)$ turning point ,
$s^{\propto} \int_{\tau}^{t}(\nu_{j}(t)-\nu_{j’}(t))dt=0$
$t=\tau$ type $(j,j’)$ Stokes . ,
, $\Re\int_{\tau}^{t}(\nu_{j}(t)-\nu_{j’}(t))dt$ ( type $j>j’$ type $j<j’$ Stokes
.
(iii) $t=\tau$ (30) turning point . 3.1 (iii) , 2
.
(I) $C(\tau, \nu)$ $\nu=0$ , $t=\tau$ type I turning point .
(II) $C(\tau, \nu)=f(\tau, \nu^{2})$ , $f(\tau, z)$ , $t=\tau$ type turning
point .
, type I turning point Stokes , type turning point
Stokes (27) Stokes .
3.4.1 type I turning point Stokes (27) Stokes
, type I turning point , generic , type I
turning point $t=\tau$ 2 ( $(\#)$ ) .
(i) $t=\tau$ type turning point . ( , $f(\tau, z)$ .
, $\nu=0$ $C(\tau, \nu)$ 2 )
(ii)
$\frac{\partial C}{\partial t}|_{t=\tau,\nu=0}\neq 0$ .
, 3.1 (iii) $j$
$-\det B_{0}|_{x=b_{j}(\tau)}=0$
. , $k_{\mathrm{P}}$ 3.1 (i)
$\det B_{0}=-(x-a_{1}(t))$ ($x$ -a2(t))
$b_{j}(\tau)=a_{1}(\tau)$ $b_{j}(\tau)=a_{2}(\tau)$
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. , $b_{j}(\tau)=a_{1}(\tau)$ . , 3.1 (ii)
$\frac{d}{dt}(\int_{a_{1}(t)}^{b_{j}(t)}\sqrt{-\frac{4}{g_{n+1}^{2}}\det A_{0}(x,t)}dx)$
$=$ $\sqrt{-\frac{4}{g_{n+1}^{2}}\det A_{0}(b_{j}(t),t)}\frac{db_{j}}{dt}-\sqrt{-\frac{4}{g_{n+1}^{2}}\det A_{0}(a_{1}(t),t)}\frac{da_{1}}{dt}$
$+ \int_{a_{1}(t)}^{b_{\mathrm{j}}(t)}\frac{\partial}{\partial t}\sqrt{-\frac{4}{g_{n+1}^{2}}\det A_{0}(x,t)}dx$
$=$ $\int_{a_{1}(t)}^{b_{j}(t)}\frac{\partial}{\partial x}\sqrt{-\det B_{0}(x,t)}dx$
$=$ $\sqrt{-\det B_{0}(bj(t),t)}$
,
$\int_{a_{1}(t)}^{b_{j}(t)}\sqrt{-\frac{4}{g_{n+1}^{2}}\det A_{0}(x,t)}dx=\frac{1}{2}\int_{\tau}^{t}2\sqrt{-\det B_{0}(bj(t),t)}dt$ (47)
. , (27) tuming point $a$ Stokes
$\propto s\int_{a}^{x}\sqrt{-\frac{4}{g_{n+1}^{2}}\det A_{0}(x,t)}dx=0$




(30) type I turning point $t=\tau$ $(\#)$ .
, $t=\tau$ , (27) simple turning point $x=a_{k}(t)(1\leq k\leq 2)$
double turning point $x=b_{j}(t)(1\leq j\leq n)$ . , $t=\tau$
Stokes , $a_{k}(t)$ $b_{j}(t)$ (27) Stokes .
, type turning point , generic , type
turning point $t=\tau$ 2 ( $(\#\#)$ ) .
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(i) $t=\tau$ type I turning point . ( , $f(\tau,$ $z)$ 0 )
(ii) $t=\tau$ $f(t, z)=0$ simple .
.
3.4






$t=\tau$ . , (i) $u_{0}(t),$ $v_{0}(t)$ $t=\tau$
, $t=\tau$ $b_{k}$ $t=\tau$ .
$\vee\supset$ ,
$\det B_{0}(b_{k}(t), t)=-(b_{k}(t)-\frac{u_{0}(t)}{2})^{2}+v_{0}(t)$
$t=\tau$ . , 3.1 (iii) $f(t, z)=0$ $\det B_{0}(b_{k}(t), t)$
$(-1)^{n} \prod_{k>l}(\det B_{0}(b_{k}(t), t)-\det B_{0}(b_{l}(t), t))^{2}$
. , $t=\tau$ 2 , (ii) . ,
.
( )




. , 3.1 (ii)
$\frac{d}{dt}(\int_{b_{k}(t)}^{b_{l}(t)}\sqrt{-\frac{4}{g_{n+1}^{2}}\det A_{0}(x,t)}dx)$
$= \int_{b_{k}(t)}^{b_{l}(t)}\frac{\partial}{\partial t}\sqrt{-\frac{4}{g_{n+1}^{2}}\det A_{0}(x,t)}dx$




$= \int_{\tau}^{t}(\sqrt{-\det B_{0}(b_{l}(t),t)}-\sqrt{-\det B_{0}(b_{k}(t),t)})dt$ (48)
. , type I , .
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(30) type II turning point $t=\tau$ $(\#\#)$ .
, $t=\tau$ , (27) 2 double turning point $b_{k}(t)$ $b_{l}(t)$
$(1\leq k, l\leq n)$ . , $t=\tau$ Stokes , 2 double
turning point $b_{k}(t)$ $b_{l}(t)$ (27) Stokes .
, 32, 33 $t$ (30) Stokes ,
(27) 2 turning point Stokes
Stokes “ ” , $t$ Stokes
“ ” 2 “ ”
( 6 ). , [KTI],[T] ,
hierarchy .
4large parameter $P_{IV}$ hierarchy I $\mathrm{W}\mathrm{K}\mathrm{B}$
, 2 $P_{IV}$ hierarchy I WKB
45
4.1 large parameter
$P_{IV}$ hierarchy I(19) LIx pair (20),(21) large param-
eter . , $P_{II}$ hierarchy , large parameter
$\eta$
$t\vdasharrow t\eta^{T}$ , $U\vdash+U\eta^{1-T}$ , $V\vdasharrow V\eta^{1-T}$ , $g_{n}\vdash+g_{n}\eta^{n(1-T)-T}$ ,
$\alpha-\neq\alpha\eta^{(n+1)(1-T)}$ , $\beta\vdasharrow\beta\eta^{(n+1)(1-T)}$ , $c_{i}\eta^{(n-i)(1-T)}$ $(1\leq i\leq n-1)$
$x\vdasharrow x\eta^{1-T}$ , $\psi-\not\simeq\psi$ , $\varphi-\neq\varphi\eta^{1-T}$
. ( $T$ ) (19) $l_{\sim}^{-}$ large
parameter ,
$(U -2V-\eta^{-1}\partial_{t}V 01)[\partial_{t}^{-1}\frac{1}{2^{n-1}}(\begin{array}{ll}\partial_{t}U\partial_{t}^{-1}-\eta^{-1}\partial_{t} 22\tilde{v}+\tilde{v}_{t}\partial_{t}^{-1} U+\eta^{-1}\partial_{t}\end{array})($






. , (19) .





$(\begin{array}{l}\tilde{F}\tilde{G}\end{array})$ $=$ $(\begin{array}{lll}F_{0}+\eta^{-1}F_{1}+ \cdots +\eta^{-n}F_{n}G_{0}+\eta^{-1}G_{1}+ \cdots +\eta^{-n}G_{n}\end{array})$
$=$ $\tilde{J}^{\uparrow}[(\begin{array}{l}\tilde{L}_{n}\tilde{\mathcal{K}}_{n}\end{array})+\sum_{\dot{\iota}=1}^{n-1}c:(\begin{array}{l}\tilde{\mathcal{L}}_{i}\tilde{\mathcal{K}}_{|}\end{array})+g_{n}(\begin{array}{l}0t\end{array})]-(\begin{array}{l}\alpha\beta\end{array})$ (51)
, $\tilde{F},\tilde{G}$ . $\tilde{\mathcal{K}}_{1}.,\tilde{\mathcal{L}}_{\dot{l}}$ , $F_{0}=F_{0}(t, U, V),$ $G_{0}=G_{0}(t, U, V)$
$t,$ $U,$ $V$ .
, Lax pair(20),(21) large parameter
$\frac{1}{2}g_{n}x\Psi_{x}$ $=$ $\eta\tilde{A}_{IV}\Psi$ (52)
$\Psi_{t}$ $=$ $\eta\tilde{B}\Psi$ (53)
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$[succeq] f_{J6}$ . $\mathrm{C}\mathrm{C}T^{\backslash \backslash }$
$\tilde{A}_{IV}=\tilde{A}_{IV}^{(n)}+\sum_{i=1}^{n-1}c_{i}\tilde{A}_{IV}^{(n)}+\tilde{A}_{IV}^{(-1)}+\tilde{A}_{IV}^{(-2)}$ ,
$\tilde{A}_{IV}^{(i)}=(-\frac{1}{2}\eta^{-1}((2x-U)\tilde{S}_{i}+\tilde{S}_{i,t}\eta^{-1}+\tilde{\mathcal{K}}_{i+1})_{t}-\tilde{v}\tilde{S}_{i}-\frac{1}{2}((2x-U)\tilde{S}_{i}+\tilde{S}_{i,b}\eta^{-1)}$ $\frac{1}{2}((2x-U)\tilde{S}_{i}+\tilde{S}_{i,t}\eta^{-1})\tilde{S}_{i})$




$\tilde{B}=(\begin{array}{ll}-x+\frac{U}{2} 1-\tilde{v} x-\frac{U}{2}\end{array})$ ,
$\tilde{v}=UV-V^{2}+V_{t}\eta^{-1}$ , $\tilde{S}_{i}=\frac{1}{2}\sum_{j=0}^{i}x^{i-j}\tilde{\mathcal{K}}j$
. k $P_{IV}$ hierarchy I large parameter .
4.2 0-
, large parameter $\eta$ (50)
, $\eta$ .
, $F_{0}$ , $G_{0}$ $\Delta$
$\Delta=\{t\in \mathbb{C}$
$U,$ $V$
$F_{0}(t, U, V)=G_{0}(t, U, V)= \frac{\partial F}{\partial}U\mathrm{A}_{\frac{\partial G}{\partial V}\mathfrak{g}\partial,\partial}-|2_{U}$ $=0\}$
.
, (50) $\eta^{-1}$ .
41
$t_{0}$
$\Delta$ $\mathbb{C}$ , $t_{0}$ $\mathcal{U}$ , (50) $\eta^{-1}$




$U_{j}(t),$ $V_{j}(t)$ $\mathcal{U}$ $(j\geq 0)$
$F_{0}(t, U_{0}(t),$ $V_{0}(t))=G_{0}(t, U_{0}(t),$ $V_{0}(t))=0$ $(t\in \mathcal{U})$
.
, $(U_{j}(t), V_{j}(t))(j\geq 1)$ , $(U_{0}(t), V_{0}(t))$ , .
3.1 .
(50) 0- . ,





$(1\leq i\leq n)$ ,
$\tilde{A}^{(-1)}=\tilde{A}_{IV}^{(-1)}|_{U=\dot{U}}V_{-}^{-}\dot{V}=A_{0}^{(-1)}+\eta^{-1}A_{1}^{(-1)}+\cdots$ ,
$\tilde{A}^{(-2)}=\tilde{A}_{IV}^{(-2)}|_{U=\dot{U}}V=\hat{V}=A_{0}^{(-2)}+\eta^{-1}A_{1}^{(-2)}+\cdots$ ,
$\tilde{A}=\tilde{A}_{IV}|_{U=}$ . $=A_{0}+\eta^{-1}A_{1}+\cdots$ ,
$v=\tilde{V}$
$\overline{B}=\tilde{B}|_{U=\dot{U}}V=\hat{V}=B_{0}+\eta^{-1}B_{1}+\cdots$ ,
$\tilde{S}_{\dot{\iota}}=\tilde{S}_{i}|_{U=\hat{U}}V=\hat{V}=S_{\dot{l},0}+\eta^{-1}S_{1,}.1+\cdots$ $(0\leq i\leq n)$ ,
$\tilde{\mathcal{K}}_{i+1}=\tilde{\mathcal{K}}_{i+1}|_{U=\dot{U}}V=\overline{V}=\mathcal{K}_{i+1,0\dagger\eta^{-1}:+1,1}\mathcal{K}+\cdots$ $(0\leq i\leq n)$ ,





















. , (52) simple turning point generic
$-(x- \frac{u_{0}}{2})^{2}+v_{0}=0$
, $a_{1}(t)$ , a2(t) . , (52) double turning point generic
$S_{n,0}+ \sum_{i=1}^{n-1}c_{i}S_{i,0}+\frac{g_{n}t}{2}=0$ (57)
, $S_{i,0}$ $x$ $i$ $x^{:}$ 1 ,
$n$ { , $b_{1}(t),$ $b_{2}(t),$ $\cdots,$ $b_{n}(t)$ . , (53) turning point
$-(x- \frac{u_{0}}{2})^{2}+v_{0}=0$
, $a_{1}(t)$ , a2(t) .
, $.(50)$ $U=\hat{U},$ $V=\hat{V}$
. , (18) $\eta$ ,
$(\begin{array}{l}uv\end{array})=\tilde{\Phi}[U, V]=(\begin{array}{l}UUV-V^{2}+\eta^{-1}V_{t}\end{array})$ (58)
$U=\hat{U}+\Delta U,$ $V=\hat{V}+\Delta V$ , $\Delta$ $\langle$ ,




$\Delta u=\Delta U$ $\Delta v=\hat{\mathrm{V}}’\Delta U+(\hat{U}-2\hat{\nu}^{r}+\eta^{-1}\partial_{t})\Delta V$
, $P_{II}$ $\Delta\tilde{\mathcal{K}}_{i+1},$ $\Delta\tilde{\mathcal{L}}_{i+1},$ $P_{kl}^{(i+1)}$ . (50) $U,$ $V$
$U=\hat{U}$ +\Delta U $V=\hat{V}+\Delta V$ $\Delta$




. , $\Delta U,$ $\Delta V$ , (50) $U=\hat{U},$ $V=$
$\hat{V}$
$\{$ $(P_{21}^{(n)}+ \sum=c_{i}P_{2}^{(}\mathrm{P})+(P_{22}^{(n)}+\sum_{i=1}^{n-1}$ $P_{22}^{(i)})$
$\hat{V}$
$+ \hat{V}(P_{11}^{(n)}+\sum_{i=1}^{n-1}c_{i}P_{11}^{(i)})+\hat{V}(P_{12}^{(n)}+\sum_{i=1}^{n-1}c:P_{12}^{(1)})\hat{V}]\Delta U$
$+[( \tilde{\mathcal{K}}_{n}+\sum_{P_{12}^{(n)}}\dot{\iota}=1^{\cdot}+-1g_{n}tn)++\hat{V}(+\sum^{\text{ }\tilde{\mathcal{K}}_{i}}in-1c_{i}P_{12}^{(*)})=1\{^{P_{22}+\sum}\hat{U}-2\hat{V}+i=1\eta^{-}(n)n-1$lc\partial iPt)2(]2i))\Delta V(U^=-02 $+\eta^{-1}\partial_{t})$
$\{$ $( \tilde{\mathcal{K}}_{n}+\sum_{1=1}^{n-1}.c_{i}\tilde{\mathcal{K}}_{i}+g_{n}t)+(\hat{U}-2\hat{V}-\eta^{-1}\partial_{t})(P_{11}^{(n)}+\sum_{i=1}^{n-1}c:P_{11}^{(i)})]\Delta U$
$+[-2( \tilde{\mathcal{K}}_{n}+\sum_{i=1}^{n-1}c_{i}\tilde{\mathcal{K}}_{i}+g_{n}t)$
$+( \hat{U}-2\hat{V}-\eta^{-1}\partial_{t})(P_{12}^{(n)}+\sum_{i=1}^{n-1}$ $P_{12}^{(\dot{\iota})})$ $(\hat{U}-2\hat{V}+\eta^{-1}\partial_{t})]\Delta V=0$
(59)
. , $P_{kl}^{(\dot{\iota}+1)}(t, \eta^{-1}\frac{d}{dt}, \eta^{-1})\text{ }P_{kl}^{(i+1)}$ . ,
-4 $\det\{$ ( $P_{21,0}P_{110}^{(n)}$ $P_{22,0}P_{120}^{(n)}$ ) $(\begin{array}{ll}\frac{1}{2}(U_{0}-\nu) 1(U_{0}-V_{0})V_{0} \frac{1}{2}(U_{0}+\nu)\end{array})$
$+ \sum_{i=1}^{n-1}c_{i}$ ( $P_{2}^{(\{)^{0}}P_{1}^{()},’ 0$ $P_{22,0}^{(i)}P_{12,0}^{(i)}$ ) $(\begin{array}{ll}\frac{1}{2}(U_{0}-\nu) 1(U_{0}-V_{0})V_{0} \frac{1}{2}(U_{0}+\nu)\end{array})$ (60)
$+ \frac{1}{2}$ ($\mathcal{K}_{n,0}+\sum_{i=1}^{n-1}$ $\kappa_{:,0}+g_{n}t$) $(\begin{array}{ll}1 00 1\end{array})]=0$
. , $P_{kl,0}^{(j+1)}(t, \nu)$ $P_{kl,0}^{(i+1)}$ .
$C(t, \nu)$ .
’ $=(\begin{array}{ll}\frac{1}{2}(U_{0}-\nu) 1(U_{0}-V_{0})V_{0} \frac{1}{2}(U_{0}+\nu)\end{array})$
50









(i) (52) (55) (53) (56)
{ (55) } $= \frac{4}{g_{n}^{2}x^{2}}(S_{n,0}+\sum_{i=1}^{n-1}c_{i}S_{i,0}+\frac{g_{n}t}{2})^{2}\cross$ { (56) }
. , (52) turning point (57)







$\frac{\partial}{\partial t}\lambda\pm=\frac{\partial}{\partial x}\mu\pm$ ( )
.
(iii) (49) $U=\hat{U},$ $V=\hat{V}$ $C(t, \nu)$
$C(t, \nu)=(-1)^{n+1}4\prod_{j=1}^{n}\det(\mu-B_{0})|_{\mu=\mathrm{f}}$ (62)




(ii) , $A_{0}=T_{0}B_{0}$ , $A_{0},$ $B_{0}$
$\frac{g_{n}x}{2}(\begin{array}{ll}\lambda_{+} 00 \lambda_{-}\end{array})=T_{0} (\begin{array}{ll}\mu_{+} 00 \mu_{-}\end{array})$
. , Lax pair (52),(53) ,
$[ \frac{\partial}{\partial t}-\eta\tilde{B},$ $\frac{g_{n}}{2}x\frac{\partial}{\partial x}-\eta\tilde{A}]=-\eta\tilde{A}_{t}+\eta^{2}\tilde{B}\tilde{A}-\eta^{2}\tilde{A}\tilde{B}+\frac{g_{n}}{2}x\eta\tilde{B}_{x}=0$.
$\eta$ ,
$-A_{0,t}+[B_{0}, A_{1}]+[B_{1}, A_{0}]+ \frac{g_{n}}{2}xB_{0,x}$
. , $A_{0}$ $B_{0}$ $[B_{0}, A_{1}]+$
$[B_{1}, A_{0}]$ 0. ,
$-A_{0,t}+ \frac{g_{n}x}{2}B_{0,x}=\mathrm{d}\mathrm{i}\mathrm{a}\mathrm{g}(-\frac{g_{n}}{2}x\frac{\partial\lambda_{+}}{\partial t}+\frac{g_{n}}{2}x\frac{\partial\mu_{+}}{\partial x},$ $- \frac{g_{n}}{2}x\frac{\partial\lambda_{-}}{\partial t}+\frac{g_{n}}{2}x\frac{\partial\mu_{-}}{\partial x})$
, (ii) .
(iii) (61)
$C(t, \nu)$ $=$ -4 $\det[(S_{n,0}+\sum_{i=1}^{n-1}c_{i}S_{i,0}+\frac{1}{2}g_{n}t)|_{x=\mathcal{R}},]$
$=$ -4 $\det[\prod_{j=1}^{n}(x-b_{j})|_{x=\mathcal{R}’}]$
$=$ -4 $\prod_{j=1}^{n}\det[(x-b_{j})|_{x=\mathcal{R}’}]$








turning point Stokes $P_{II}$ hierarchy ,
$P_{II}$ hierarchy , 2
.
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(50) type I turning point $t=\tau$ $(\#)$ .
, $t=\tau$ , (52) simple turning point $x=a_{k}(t)(1\leq k\leq 2)$
double turning point $x=b_{j}(t)(1\leq j\leq n)$ . , $t=\tau$
Stokes , $a_{k}(t)$ $b_{j}(t)$ (52) Stokes .
43
(50) type $\mathrm{I}\mathrm{I}$ turning point $t=\tau$ $(\#\#)$ .
, $t=\tau$ , (52) 2 double turning point $b_{k}(t)$ $b_{l}(t)$
$(1\leq k, l\leq n)$ . , $t=\tau$ Stokes , 2 double
turning point $b_{k}(t)$ $b_{l}(t)$ (52) Stokes .
5large parameter $P_{IV}$ hierarchy II WKB
, 3 2 $P_{IV}$ hierarchy WKB
.
5.1 large parameter
$P_{IV}$ hierarchy II(23) Lax pair (20),(21) large pa-
rameter . , $P_{II}$ hierarchy , large parameter
$\eta$
$t\vdash+t\eta^{T}$ , $u\mapsto*u\eta^{1-T}$ , $v\vdash\Rightarrow v\eta^{2(1-T)}$ , $g_{n}\mapsto\# g_{n}\eta^{n(1-T)-T}$ ,
$\gamma\vdash+\gamma\eta^{(n+1)(1-T)}$ , $\delta\vdasharrow\delta\eta^{2(n+1)(1-T)}$ , $\psi$ $*\psi$ , $\varphi$ $\varphi\eta^{1-T}$ ,
$\vdash*c_{1}.\eta^{(n-:)(1-T)}$ $(1\leq i\leq n-1)$
53
. ( $T$ )








$(\begin{array}{l}\tilde{F}\tilde{G}\end{array})$ $=$ $(\begin{array}{lll}F_{0}+\eta^{-1}F_{1}+ \cdots +\eta^{-n}F_{n}G_{0}+\eta^{-1}G_{1}+ \cdots +\eta^{-n}G_{n}\end{array})$
$=$ $(\begin{array}{lll}\eta^{-1}K_{n,t}-2L_{n}-uK_{n}-\gamma-g_{n}\eta^{-1} \eta^{-1}\tilde{K}_{n}\tilde{L}_{n,t}+v\tilde{K}_{n}^{2}+\tilde{L}_{n}^{2}-\eta^{-1}\tilde{K}_{n,t}\tilde{L}_{n}+u\tilde{K}_{n}\tilde{L}_{n}-\delta \text{ }L\underline{n}2\gamma\eta^{-1}\end{array})\sim\sim$ (64)
, $u,$ $v$ , $F_{0},$ $\ldots,$ $F_{n},$ $G_{0},$ $\ldots,$ $G_{n}$ $\tilde{F},\tilde{G}$ . , $\tilde{\mathcal{K}}_{i}$ ,
, $F_{0}=F_{0}(t, u, v),$ $G_{0}=G_{0}(t, u, v)$ $t,$ $u,$ $v$
.
, Lax pair (24),(25) large parameter
$\frac{g_{n}}{2}x\Psi_{x}$ $=$ $\eta\tilde{A}_{IV’}\Psi$ (65)
$\Psi_{t}$ $=\eta\tilde{B}\Psi$ (66)
.
$\tilde{A}_{IV’}=\tilde{A}_{IV}^{(n)},$ $+ \sum_{i=1}^{n-1}c_{j}\tilde{A}_{IV}^{(n)},$ $+\tilde{A}_{IV}^{(-1)},+\tilde{A}_{IV}^{(-2)},$ ,
$\tilde{A}_{IV}^{(i)},$
$=(\begin{array}{ll}-\frac{1}{2}((2x-u)\tilde{S}_{i}+\tilde{S}_{i_{\prime}t}\eta^{-1}+\tilde{\mathcal{K}}_{i+1}) \tilde{S}_{i}-\frac{1}{2}\eta^{-1}((2x-u)\tilde{S}_{i}+\tilde{S}_{i,t}\eta^{-1}+\overline{\mathcal{K}}_{i+1})_{t}--v\tilde{S}_{i} \frac{1}{2}((2x-u)\tilde{S}_{i}+\tilde{S}_{i,t}\eta^{-1}+\tilde{\mathcal{K}}_{\dot{\iota}+1})\end{array})$
$(0\leq i\leq n)$ ,
$\tilde{A}_{IV}^{(-1)},=(\begin{array}{lll}-2l-\frac{x}{2}g_{n}t- \alpha_{\eta^{-1}}4n \frac{1}{2}g_{n}t-\frac{v}{2}g_{n}t\cdot \mathrm{z}+\frac{x}{2}g_{n}t+\simeq n-\eta 412\end{array})$ ,
$\tilde{A}_{IV}^{(-2)},=(\begin{array}{ll}0 0-\frac{\tilde{K}_{n}\tilde{L}_{n,t}+v\tilde{K}_{n}^{2}-\tilde{L}_{n}^{2}-(\gamma+g_{n}\eta^{-1})\overline{L}_{n}-\delta_{2}-fl \mathrm{n}\gamma\eta^{-1}}{K_{n}} 0\end{array})$ ,
54
$\tilde{B}=(\begin{array}{ll}-x+\frac{u}{2} 1-v x-\frac{u}{2}\end{array})$
. $P_{IV}$ hierarchy large parameter .
5.2 0-






$F_{0}(t, u, v)=G_{0}(t, u, v)= \underline{\partial}\mathrm{p}F\partial u\frac{\partial G}{\partial v}\mathrm{A}-\underline{\partial}F\Delta\underline{\partial}G\partial v\partial u\mathrm{A}=0\}$
.
, (63) $\eta^{-1}$ .
51
$t_{0}$ $\Delta$ $\mathbb{C}$ , $t_{0}$ $\mathcal{U}$ , (63) $\eta^{-1}$
$(\begin{array}{l}uv\end{array})=(\begin{array}{l}\hat{u}(t,\eta)\hat{v}(t,\eta)\end{array})=$ ( $v_{2}(t)\eta^{-2}+u_{2}(t)\eta^{-2}+.\cdot.\cdot.\cdot$ ) (67)
,
(i) $u_{j}(t),$ $v_{j}(t)$ $\mathcal{U}$ $\ovalbox{\tt\small REJECT} \mathrm{I}\mathrm{J}$ $(j\geq 0)$
(ii) $F_{0}(t, u_{0}(t),$ $v_{0}(t))=G_{0}(t, u_{0}(t),$ $v_{0}(t))=0$ $(t\in \mathcal{U})$
.
, $(u_{j}(t), v_{j}(t))(j\geq 1)$ , $(u_{0}(t), v_{0}(t))$ , .
$P_{II}$ hierarchy .
(63) 0- . , 0-
(63) , $\eta$ ,
$v=V+\lrcorner u_{2}-\eta 1$ $K_{n}$ $\hat{K}_{n},$ $L_{n}$ $\hat{L}_{n},\tilde{\mathcal{K}}_{i+1}$ $\hat{\mathcal{K}}_{i+1},\tilde{\mathcal{L}}_{i+1}$




























u=\^u $(t, \eta)=\sum_{=0}^{\infty}.\cdot u_{2\dot{\iota}}\eta^{-2}\dot{.}$
$v= \hat{v}(t, \eta)=\sum_{i=0}\infty v_{2i}\eta-2i+1\frac{-1}{2}\sum_{i=0}^{\infty}u_{2i,t}\eta^{-2i}$
(69)
.
, , (63) 0- (69) Lax pair









$\tilde{B}=\tilde{B}|uv==$ . $=B_{0}+\eta^{-1}B_{1}+\cdots$ ,
$\tilde{S}_{i}=\tilde{S}_{i}|_{u=\hat{u}}=S_{\dot{\iota},0}+\eta^{-1}S_{\dot{\iota},1}+\cdots$ $(0\leq i\leq n)$ ,
$\overline{\mathcal{K}}_{i+1}=\tilde{\mathcal{K}}_{i+1}|_{u=\mathrm{t}}=\mathcal{K}_{i+1,0}+\eta^{-1}\mathcal{K}_{i+1,1}+\cdots$ $(0\leq i\leq n)$ ,




$\ovalbox{\tt\small REJECT}=(\tilde{S}_{n}+.\sum_{1=1}^{n-1}$ ( .
$\tilde{S}_{\dot{\iota}}$ $+ \frac{g_{n}t}{2}$) $|_{v=\dot{v}}u=\dot{u}=T_{0}+\eta^{-1}T_{1}+\cdots$
. ,
$A_{0}^{(\dot{\iota})}=(\begin{array}{lll}-(x-\frac{u}{2}a)S_{i,0}- \frac{1}{2}\mathcal{K}_{i+1,0} S_{i,0}-v_{0}S_{|}.,\mathrm{o} (x-u_{2}\Delta)S_{\dot{\iota},0}+\frac{1}{2}\mathcal{K}_{+1,0}.\end{array})$ $(0\leq i\leq n)$
$A_{1}^{(i)}=(\begin{array}{ll}-\frac{1}{2}S_{i,0,t} 0-\frac{\mathrm{u}_{0t}}{2}S_{i,0}-\frac{1}{2}[(2x-u_{0})S_{i,0}+\mathcal{K}_{\dot{\iota}+1,0}]_{t} \frac{1}{2}S_{i,0,t}\end{array})$ $(0\leq i\leq n)$ ,
$A_{0}^{(-1)}=(\begin{array}{ll}-41_{-}Ln2\underline{t}_{X} \mathrm{g}_{\mathrm{L},2}t-\mathit{9}_{\frac{nt}{2}v_{0}} l+\mathit{9}4\frac{nt}{2}X\end{array})$ , $A_{1}^{(-1)}=(\begin{array}{ll}-g_{\frac{n}{4}} 0-g_{\frac{nt}{4}u_{t}} Ln_{-}4\end{array})$ ,
$A_{0}^{(-2)}=(\begin{array}{ll}0 0-\frac{v_{0}K_{n,0}^{2}-L_{n_{\prime}0}^{2}-\gamma L_{n.0}-\delta}{K_{n.0}} 0\end{array})$ ,




), $B_{1}=(\begin{array}{ll}0 0-\frac{u_{0_{\prime}t}}{2} 0\end{array})$ ,
$S_{i,0}= \frac{1}{2}\sum_{j=0}^{i}x^{i-j}\mathcal{K}_{j,0}$ ,
$T_{0}=S_{n,0}+ \sum_{\dot{\iota}=1}^{n-1}S_{\,0}.+\frac{g_{n}t}{2}$,
$A_{0}=T_{0}(\begin{array}{ll}-X+\underline{u}_{2^{\mathrm{A}}} 1-v_{0} x-\mathrm{g}u_{2}\end{array})$ ,



















. , (65) simple turning point generic !
$-(x- \frac{u_{0}}{2})^{2}+v_{0}=0$
, $a_{1}(t)$ , a2(t) . , (65) double turning point generic
$S_{n,0}+ \sum_{\dot{\iota}=1}^{n-1}c_{i}S_{i,0}+\frac{g_{n}t}{2}=0$ (72)
, $S_{i,0}$ $x$ $i$ $x^{i}$ 1 ,
$n$ , $b_{1}(t),$ $b_{2}(t),$ $\cdots,$ $b_{n}(t)$ . , (66) turning point
$-(x- \frac{u_{0}}{2})^{2}+v_{0}=0$
, $a_{1}(t),$ $a_{2}(t)$ .
, (63) u=\^u, v=H
. \Delta $i+1,$ $\Delta\tilde{\mathcal{L}}_{i+1},$ $P_{kl}^{(i+1)}$ $P_{II}$ hierarchy $\equiv \mathrm{p}-$ , $\tilde{K}_{n},\tilde{L}_{n}$
$u,$ $v$ u=\^u+\Delta u, $v=\hat{v}+\Delta v$ $\Delta u,$ $\Delta v$






. $\Delta u,$ $\Delta v$
$\{$
$+$
$(\eta^{-1}\partial_{t}$ -\^u $)$ $(P_{11}^{(n)}+ \sum_{i=1}^{n-1}c_{i}P_{11}^{(i)})-2(P_{21}^{(n)}+\sum_{i=1}^{n-1}c_{i}P_{21}^{(i)})-\tilde{K}_{\mathrm{n}}]\triangle u$




$+( \tilde{K}_{n}\eta^{-1}\partial_{t}+2\overline{L}_{n}-\eta^{-1}\tilde{K}_{n,t}+\hat{u}\tilde{K}_{n})(P_{21}^{(n)}+\sum_{i=1}^{n-1}$ $P_{2}^{(}i^{)})+\tilde{K}_{n}\tilde{L}_{n}]$ $\Delta u$




. , $\ovalbox{\tt\small REJECT};" \mathrm{D}(\ovalbox{\tt\small REJECT}^{-1}\mathit{4}$ , \eta $\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}^{1)}$ . ,
-4 $\det\{$ $(\begin{array}{ll}P_{110}^{(n)} P_{120}^{(n)}P_{21,0}^{()} P_{22,0}^{()}\end{array})(\begin{array}{ll}\frac{1}{2}(u_{0}-\nu) 1v_{0} \frac{1}{2}(u_{0}+\nu)\end{array})$
$+ \sum_{i=1}^{n-1}c_{i}$ ( $P_{21,0}^{(i)}P_{11,0}^{(i)}$ $P_{22,0}^{(i)}P_{12,0}^{(i)}$ ) $(\begin{array}{ll}\frac{1}{2}(u_{0}-\nu) 1v_{0} \frac{1}{2}(u_{0}+\nu)\end{array})$ (75)
$+ \frac{1}{2}(\mathcal{K}_{n,0}+\sum_{i=1}^{n-1}c_{1}.\mathcal{K}_{i,0}+g_{n}t)(\begin{array}{ll}1 00 1\end{array})]=0$
. $P_{kl,0}^{(i+1)}(t, \nu)$ $P_{kl,0}^{(i+1)}$ . $C^{\mathrm{Y}}(t, \nu)$ .
33 $C(t, \nu)$
$C(t, \nu)$ $=$ -4 $\det[(P_{21,0}^{(n+1)}P_{11,0}^{(n+1)}$ $P_{22,0}^{(n+1)}P_{12,0}^{(n+1)})$
$+ \sum_{i=1}^{n-1}c_{i}$ ( $P_{21,0}^{(i}P_{110,\dotplus_{1)}}^{(i+1)}$ $P_{22,0}^{(i}P_{120,\dotplus_{1)}}^{(i+1)}$ ) $+ \frac{1}{2}g_{n}t(\begin{array}{ll}1 00 1\end{array})]$




$/(\mathrm{i})$ (65) (70) (66) (71)
{ (70) } $= \frac{4}{g_{n}^{2}x^{2}}(S_{n,0}+\sum_{\dot{\iota}=1}^{n-1}$ $S_{i,0}+$–$gn^{t})2$
$2\cross$
{ (71) }
. , (65) turning point (72)








$\frac{\partial}{\partial t}\lambda_{\pm}=\frac{\partial}{\partial x}\mu\pm$ ( )
.








(ii) Lax pair (65),(66) ,
$[ \frac{\partial}{\partial t}-\eta\tilde{B},$ $\frac{g_{n}}{2}x\frac{\partial}{\partial x}-\eta\tilde{A}]=-\eta\tilde{A}_{t}+\eta^{2}\tilde{B}\tilde{A}-\eta^{2}\tilde{A}\tilde{B}+\frac{g_{n}}{2}x\eta\tilde{B}_{x}=0$ .
$[A_{0}, B_{0}]=0$ $\eta^{2}$ 0. $\eta^{1}$ ,
$-A_{0,t}+B_{0}A_{1}+B_{1}A_{0}-A_{0}B_{1}-A_{1}B_{0}+ \frac{g_{n}}{2}xB_{0,x}=0$.



























turning point Stokes $P_{II}$ hierarchy ,
$P_{II}$ hierarchy , 2
62
(63) type I turning point $t=\tau$ $(\#)$ .
, $t=\tau$ ( , (65) simple turning point $x=a_{k}(t)(1\leq k\leq 2)$
double turning point $x=b_{j}(t)(1\leq j\leq n)$ . , $t=\tau$
Stokes , $a_{k}(t)$ $b_{j}(t)$ (65) Stokes .
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(63) type turning point $t=\tau$ $(\#\#)$ .
, $t=\tau$ , (65) 2 double turning point $b_{k}(t)$ $b_{l}(t)$
$(1\leq k, l\leq n)$ . , $t=\tau$ Stokes , 2 double
turning point $b_{k}(t)$ $b_{l}(t)$ (65) Stokes .
6 $P_{II}$ hierarchy $n=2$ Stokes
, $P_{II}\mathrm{h}\mathrm{i}\mathrm{e}\mathrm{r}\mathrm{a}\mathrm{r}\mathrm{c}\mathrm{h}\mathrm{y}$ $n=2$ Stokes
.




. , $\eta$ 0
$F_{0}(t, u, v)= \frac{1}{4}(u^{3}+6uv+4c_{0}u+4g_{3}t)$
$G_{0}(t, u, v)=\{(3u^{2}v+3v^{2}+4c_{0}v-\delta)$
. , (79) $v$ $u$ # 4





(78) Lax paiI (27)(28) $n=2$
$\frac{1}{2}g_{3}\Psi_{x}$ $=$ $\eta\tilde{A}\Psi$ (81)
$\Psi_{t}$ $=$ $\eta\tilde{B}\Psi$ (82)
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$A_{11}$ $=$ $- \frac{1}{4}[4x^{3}+2vx+2uv+v_{t}\eta^{-1}]-c_{0}x-\frac{1}{2}g_{3}t$ ,
$A_{12}$ $=$ $\frac{1}{4}[4x^{2}+2ux+u^{2}+2v-u_{t}\eta^{-1}]+c_{0}$ ,
$A_{21}$ $=$ $\frac{1}{4}[-4vx^{2}+(-2uv-2v_{t}\eta^{-1})x+v^{2}+2u^{2}v+uv_{t}\eta^{-1}-u_{t}v\eta^{-1}]$
$- \delta+\frac{1}{2}g_{3}\eta^{-1}$ ,





$v= \hat{v}(t, \eta)=\sum_{\dot{l}=0}\infty \mathrm{v}_{2\mathrm{i}}\eta-2:+\mathrm{L}^{-1}-2\sum_{\dot{|}=0}^{\infty}u_{2i,t}\eta^{-2i}$
(83)





. (78) u=\^u, $v=\hat{v}$
$\frac{1}{4}(3\hat{u}^{2}+6\hat{v}+4c_{0}-3\hat{u}t\eta^{-1} -3\text{\^{u}}\eta^{-1}\partial_{t}+\eta^{-2}\partial_{t}^{2})\Delta u$
$+ \frac{1}{4}$ (6\^u) $\Delta v=0$
$\frac{1}{4}(6\hat{u}\hat{v}+3\hat{v}t\eta^{-1})\Delta u$
$+ \frac{1}{4}(3\mathrm{i}^{2}+6\hat{v}+4\mathrm{Q}+3\hat{u}\eta^{-1}\partial_{t}+\eta^{-2}\partial_{t}^{2})\Delta v=0$ (85)
,





$g_{3}=3+2i$ , $c_{0}=2.2+1.3i$ , $\delta=2+^{1}2.6\prime i$
, Stokes .
6.1 (78) Stokes
(78) Stokes . , $u_{0}$ 6





, turning point , type
I $\text{ }$ turning point $\mathrm{B}_{\grave{\mathrm{a}}}^{\neg}$
$\tau_{1}$ : $-1.40632+1.28161i$ $\tau_{2}$ : $-0.90750-1.53063i$
$\tau_{3}$ : $-0.11658+0.90852i$ $\tau_{4}$ : $-0.03658-0.47213i$
$\tau_{5}$ : 0 $03658+0.47213i\tau_{6}$ : $0.11658-0.90852i$
$\tau_{7}$ : $0.90750+1.53063i\tau_{8}$ : 1 $40632-1.28161i$ ,
tyPe II $\sigma$) turning point $\mathrm{B}^{\mathrm{a}}$’
$\sigma_{1}$ : $-1.83111-0.54816i$ $\sigma_{2}$ : $-0.20295+1.18803i$
$\sigma_{3}$ : $0.20295-1.18803i\sigma_{4}$ : 1 $83111+0.54816i$
.
, $u_{0}$ Stokes . , type I
turning point $u_{0}$ , , Stokes
type I turning point , $\infty$ ,
$\infty$ , cut .
, $u_{0}$ $\frac{1}{2}$ cut
. sheet $u_{0}$ $\tau_{7}$ $u_{0}$ (84)
. , turning point Stokes





4: sheet 3 5: sheet 4
6: sheet 5 7: sheet 6
6.2 type I turning point Stokes
, $\text{ }t$ type I turning point $\tau_{1}$
(81) Stokes . sheet 6( 7), sheet
2( 3) $\tau_{1}$ . , type I turning point
Stokes 2 sheet 5 . , $\tau_{1}$
cut .
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8: $\tau_{1}$ (sheet 6)
20
19
9: $\tau_{1}$ (sheet 2)
$t$ sheet 6 $-1.8+1.2i$ , $\tau_{1}$ , sheet 2
sheet 6 (81) Stokes . ,
32 $t$ Stokes ,
simple turning point double turning point Stokes



















6.3 type turning point Stokes
, $t$ type turning point $\sigma_{1}$
(81) Stokes . sheet 5( 7) $\sigma_{1}$
. , type turning point Stokes
3 .
23: $\sigma_{1}$ (sheet 5)
$t$ sheet 5 $-2.5-1.2i$ $\sigma_{1}$ ,
(81) Stokes . 2 ($u,$ $v$
1 system) Painleve’ .
71
( , double turning point 1 ) , 33
$t$ Stokes , double
turning point Stokes .
24: $t=-2.5-1.2i$ 25: $t=-1.6-1.2i$
26: $t=-1.3-1.2i$ 27: $t=-1.3-0.35i$
72
28: $t=-1.65-0.35i$ 29: $t=-1.8-0.35i$





, Stokes , $t$ turning point









$n=1$ , $t$- $R$ .
, Stokes . 6 sheet Stokes cut
, Stokes
16 . type I turning point Stokes type
turning point Stokes 10 ,
$\tilde{\tau}_{1}$ : sheet 1 $\text{ }-0.11903-1.33783i$ $\tilde{\tau}_{2}$
$\tilde{\tau}_{3}$ : sheet 3 $\text{ }-0.128936-1.45985i$ $\overline{\tau}_{4}$
$\tilde{\tau}_{5}$ : sheet 5 $\mathit{0}2-1.60141-0.234294i$ $\tilde{\tau}_{6}$
sheet 3 $\text{ }-0.244924+0.220191i$
sheet 4 $\text{ }0.11903+1.35583i$
sheet 5 $\text{ }-1.09168+0.840713i$
$\tilde{\tau}_{7}$ : sheet 5(7) $1.091676-0.840713i$ $\tilde{\tau}_{8}$ : sheet 5 $\text{ }1.60141+0.234294i$
$\tilde{\tau}_{9}$ : sheet 6 $\text{ }0.128936+1.45985i$ $\tilde{\tau}_{10}$ : sheet 6 $\text{ }0.244924-0.220192i$ ,
type I turning point Stokes 6 ,
$\tilde{\sigma}_{1}$ : sheet 2 $\text{ }-1.06597-1.60153i$ $\tilde{\sigma}_{2}$ : sheet 2 $\text{ }-0.198185-1.81578i$
$\tilde{\sigma}_{3}$ : sheet 2(7) $0.198185+1.81578i$ $\tilde{\sigma}_{4}$ : sheet 2 $\sigma$) $1.06597+1.60153i$
$\tilde{\sigma}_{5}$ : sheet 3 $\sigma 2-0.165496+0.563999i$ $\overline{\sigma}_{6}$ : sheet 6 $\text{ }0.167886-0.573006i$
. , (81) Stokes
.
6.4.1 tyPe I turning point Stokes type turning point
$\mathrm{S}\mathrm{t}\dot{\mathrm{o}}$kes
, sheet 1 type I turning point $\tau_{5}$ Stokes sheet 1 type II





. , $t=\tilde{\tau}_{1}$ (81) Stokes
. sheet 1( 2) $\tilde{\tau}_{1}$ .
33: $\overline{\tau}_{1}$ (sheet 1)
sheet 1 $\tilde{\tau}_{1}$ (81) Stokes
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34: $t=\tilde{\tau}_{1}+0.1+0i$ 35: $t=\tilde{\tau}_{1}+0.1+0.1i$
36: $t=\tilde{\tau}_{1}-0.1+0.1i$ 37: $t=\tilde{\tau}_{1}-0.1-0.1i$
38: $t=\tilde{\tau}_{1}-0.1-0.2i$ 39: $t=\tilde{\tau}_{1}-0.08-0.2i$
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40: $t=\tilde{\tau}_{1}-0.05-0.2i$ 41: $t=\tilde{\tau}_{1}+0-0.2i$
42: $t=\tilde{\tau}_{1}+0.1-0.2i$ 43: $t=\tilde{\tau}_{1}+0.1-0.1i$
44: $t=\tilde{\tau}_{1}+0.1+0i$
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, 32, 33 $t$ Stokes
, turning point Stokes
, 6 39 $(t=\tilde{\tau}_{1}-\backslash \cdot 0.08-0.2i)$ $t$ Stokes
, simple turning point double turning point
Stokes . type $\mathrm{I}$ turning point Stokes
type turning point Stokes ,
$t$ Stokes , simple turning
point double turning point Stokes
.
$\tilde{\tau}_{1}$ , $\tilde{\tau}_{2}$ , $\tilde{\tau}_{3}$ , $\tilde{\tau}_{4}$ , $\tilde{\tau}_{6}$ , $\tilde{\tau}_{7}$ , $\tilde{\tau}_{9}$ , $\tilde{\tau}_{10}$
.
6.4.2 tyPe I turning point Stokes
, sheet 2 type I turning point $\tau_{7}$ Stokes sheet 2 type I




. , $t=\tilde{\sigma}_{4}$ (81) Stokes
. sheet 2( 3) $\tilde{\sigma}_{4}$ .
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46: $\tilde{\sigma}_{4}$ (sheet 2)
sheet 2 $\tilde{\sigma}_{4}$ (81) Stokes
.
47: $t=\tilde{\sigma}_{4}+0.1+0i$ 48: $t=\tilde{\sigma}_{4}+0.1+0.1i$
79







, 32 $t$ Stokes
, turning point Stokes , 3
49 (t=\sigma \tilde 4+0.02+0 ) $t$ Stokes
, double turning point Stokes
. type I turning point Stokes ,
$.t$ Stokes , double turning
point Stokes .
$\tilde{\sigma}_{1}$ , $\tilde{\sigma}_{4}$ , $\tilde{\sigma}_{5}$ , $\tilde{\sigma}_{6}$
.
, ,
2 32, 33 Stokes
.
643tyPe I turning point Stokes type $\mathrm{I}\mathrm{I}$ turning point
Stokes
, sheet 5 type I turning point $\tau_{6}$ Stokes sheet 5 type II
turning point $\sigma_{1}$ Stokes sheet 5 $\tilde{\tau}_{5}$ ,
(81) Stokes
81
56: $t,$ $=\tilde{\tau}_{5}$ (81)
$\text{ }$ Stokes $\mathrm{f}\mathrm{f}\mathrm{l}*\mathrm{R}$
. , $t=\tilde{\tau}_{5}$ (81) Stokes
. sheet 5( 6) $\tilde{\tau}_{5}$ .
$\fbox\dot{\grave{2}}\iota$. $62$ $\fbox’\backslash \mathit{4}.$ 61 . 60
66.
67 68
57: $\tilde{\tau}_{5}$ (sheet 5)
shect 5 $\tilde{\tau}_{5}$ (81) Stokes
82






64: $t=\tilde{\tau}_{5}-\mathrm{O}.1+\mathrm{O}i$ 65: $t=\overline{\tau}_{5}-0.1-\mathrm{O}.1i$
66: $t=\overline{\tau}_{5}-0.1-0.2i$ 67: $t=\overline{\tau}_{5}+0-0.2i$
68: $t=\tilde{\tau}_{5}+0.1-0.2i$ 69: $t=\tilde{\tau}_{5}+0.1+0i$
84
( $\ovalbox{\tt\small REJECT}$ type $\mathrm{I}$ turning point Stokes type II turning
point Stokes , , 32, 33
$\tilde{\tau}_{5}$ , $\tilde{\tau}_{8}$
.
6.4.4 type I turning point Stokes
, sheet 2 type I turning point $\tau_{7}$ Stokes sheet 6 type I




. , $t=\tilde{\sigma}_{3}$ (81) Stokes
. sheet 2( 3) $\tilde{\sigma}_{3}$ .
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71: $\tilde{\sigma}_{3}$ (sheet 2)
sheet 2 $\tilde{\sigma}_{3}$ (81) Stokes
.
72: $t=\tilde{\sigma}_{3}+0.1+0i$ 73: $t=\tilde{\sigma}_{3}+0.1+0.1i$
86
















81: sheet 3 82: sheet 4
88
83: sheet 5 84: sheet 6
, ,







Stokes 4 . , type I turning point
Stokes ( $\tilde{\sigma}$ )
type I turning point Stokes 2 ,
$\hat{\tau}_{1}$ : sheet 1 $\text{ }1.05867+1.32156i$ $\hat{\tau}_{2}$ : sheet 4 $\text{ }-1.05867-1.32156i$ ,
type I turning point Stokes type $\mathrm{I}\mathrm{I}$ turning point Stokes
( $\tilde{\tau}$ ) type I turning point
Stokes 2 ,
$\hat{\sigma}_{1}$ : sheet 3 $\text{ }-1.071068-1.692427i$ $\hat{\sigma}_{2}$ : sheet 6 $\sigma$) $1.09107+1.69243i$
. , (81) Stokes
.
, sheet 1 type I turning point $\tau_{7}$ Stokes sheet 6





. , $t=\hat{\tau}_{1}$ (81) Stokes




86: $\hat{\tau}_{1}$ (sheet 1)
shect 1 $\hat{\tau}_{1}$ (81) Stokes
90






. 93: $t=\hat{\tau}_{1}+0.1-0.1i$ 94: $t=\hat{\tau}_{1}+0.1-\mathrm{O}i$
, $t$ Stokes
\searrow turning point Stokes . $\hat{\tau}_{2}$
.
, sheet 3 tyPe I turning point $\tau_{8}$ Stokes sheet 3




. , $t=\hat{\sigma}_{1}$ (81) Stokes
. sheet 3( 4) $\hat{\sigma}_{1}$ .
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96: $\hat{\sigma}_{1}$ (sheet 3)
sheet 3 $\hat{\sigma}_{1}$ (81) Stokes
.
97: $t=\hat{\sigma}_{1}+0.1+0i$ 98: $\mathrm{t}=\hat{\sigma}_{1}+0.1+0.1i$
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$\partial_{t}\mathrm{K}_{i+1}=1(\begin{array}{lll}\partial_{t}u-\partial_{t}^{2} 2\partial_{t} 2v\partial_{t}+v_{t} u\partial_{t}+ \partial_{t}^{2}\end{array})\mathrm{K}_{i}$, $\mathrm{K}_{i}=(\begin{array}{l}\mathcal{K}_{i}L_{i}\end{array})$ , $\mathrm{K}_{0}=(\begin{array}{l}20\end{array})$
$u,$ $v$ $\mathcal{K}_{i+1},$ $\mathcal{L}_{i+1}$ $(i\geq 0)$ .
( )
$i=0$
$\frac{1}{2}(\begin{array}{ll}\partial_{t}u-\partial_{t}^{2} 2\partial_{t}2v\partial_{t}+v_{t} u\partial_{t}+\partial_{t}^{2}\end{array}) (\begin{array}{l}20\end{array})=(\begin{array}{l}u_{t}v_{t}\end{array})$
$\mathrm{K}_{1}=(\begin{array}{l}uv\end{array})$
. , $1\leq m\leq i$ $\mathrm{K}_{m}$
$\partial_{t}$ ++11) $=$ $\frac{1}{2}(\begin{array}{ll}\partial_{t}u-\partial_{t}^{2} 2\partial_{t}2v\partial_{t}+v_{t} u\partial_{t}+\partial_{t}^{2}\end{array})$ )
$=$ $\frac{1}{2}(\begin{array}{l}\partial_{t}(u\mathcal{K}_{i}-\mathcal{K}_{i,t}+\mathit{2}L\text{ }2v\mathcal{K}_{i,t}+v_{t}\mathcal{K}_{i}+u\mathcal{L}|.,t+\mathcal{L}_{i,tt}\end{array})$ (89)
, $u,$ $v$ $\mathcal{K}_{i+1},$ $\mathcal{L}_{i+1}$ . , $\mathcal{K}_{i+1}$
$\mathcal{K}_{i+1}=\frac{1}{2}(u\mathcal{K}_{i}-\mathcal{K}_{i,t}+2\mathcal{L}_{i})$ (90)
. , $\mathcal{L}_{i+1}$ (89) 2
. , $\Omega_{i+1}$ ,
95
$\sum_{m=0}^{i-1}$ Ki-n’\partial tL +1+K0\Omega i+1
$= \sum_{m=0}^{i}\mathcal{K}_{i-m}\frac{1}{2}(2v\mathcal{K}_{m,t}+v_{t}\mathcal{K}_{m}+u\mathcal{L}_{m,t}+\mathcal{L}_{m,tt})$
. ,









$\mathrm{A}.2$ $P_{II}$ hierarchy $P_{IV}$ hierarchy
22 $P_{II}$ hierarchy -1 $=0$ ,




$\frac{\partial}{\partial u}\mathcal{K}_{i+1}=\frac{i+1}{2}\mathcal{K}_{i}$ , $\frac{\partial}{\partial u}\mathcal{L}:+1=\frac{i+1}{2}\mathcal{L}_{i}$ $(i\geq 0)$ . (92)
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$\mathrm{K}_{0}=(\begin{array}{l}20\end{array}),$ $\mathrm{K}_{1}=(\begin{array}{l}uv\end{array})$ , $i=0$ .
$i-1$ , (92) .
$\mathcal{K}_{i},$ $\mathcal{L}_{i},$ $\mathcal{K}_{i+1},$ $\mathcal{L}_{i+1}$ $t$ (90),(91) .


















$\mathcal{K}_{i+1}$ $\vdasharrow$ $\mathcal{K}_{i+1}+h\frac{\partial \mathcal{K}_{i+1}}{\partial u}+\frac{1}{2}h^{2}\frac{\partial^{2}\mathcal{K}_{i+1}}{\partial u^{2}}+\cdots+\frac{1}{(i+1)!}h^{i+1}\frac{\partial^{i+1}\mathcal{K}_{i+1}}{\partial u^{i+1}}$




. , $\mathcal{K}_{:+1},$ $\mathcal{L}_{i+1}$ $u$ $(i+1)$ .
( )
(5) $u-\not\simeq u+h$
$R^{n} \mathrm{u}_{t}+\sum_{\dot{\iota}=0}^{n-1}[(\frac{h}{2})^{n-i}(\begin{array}{ll}n +1n -i\end{array})+ \sum_{k=i}^{n-1}c_{k}(\frac{h}{2})^{k-i}(\begin{array}{ll}k +1k -i\end{array})]R^{:} \mathrm{u}_{t}$
$+g_{n}R (\begin{array}{l}10\end{array})+\frac{g_{n}}{2}h(\begin{array}{l}10\end{array})+g_{n+1}(\begin{array}{l}10\end{array})=(\begin{array}{l}00\end{array})$ (94)
$\text{ }\gamma x\text{ }arrow \text{ }arrow\mathrm{B}^{\grave{\grave{\mathrm{a}}}}\text{ }\mathrm{B}^{\mathrm{a}}\text{ }$ .
, $P_{II}$ hierarchy $h= \frac{-2}{n+1}c_{n-1}$ ,
$( \frac{-c_{n-1}}{n+1})^{n-i}(\begin{array}{ll}n +1n -i\end{array})+ \sum_{k=i}^{n-1}c_{k}(\frac{-c_{n-1}}{n+1})^{k-i}(\begin{array}{ll}k +1k -i\end{array})$
, $c_{n-1}=0$ . -\rightarrow , $P_{IV}$ hierarchy
$h=-^{2}\Delta ng_{n}^{B^{\underline{1}}}$ ,
$(- \frac{g_{n+1}}{g_{n}})^{n-i}(\begin{array}{ll}n +1n -i\end{array})+ \sum_{k=\dot{*}}^{n-1}c_{k}(-\frac{g_{n+1}}{g_{n}})^{k-:}(\begin{array}{ll}k +1k -i\end{array})$
, $g_{n+1}=0$ .
















$\mathcal{K}_{i+1}$ $=$ $\frac{1}{2}$ (uKi-Ki,t+2L
$\mathcal{L}_{i+1,t}$ $=$ $\frac{1}{2}(2v\mathcal{K}_{i,t}+v_{t}\mathcal{K}_{i}+u\mathcal{L}_{i,t}+\mathcal{L}_{i,u})$
,









$[ \frac{\partial}{\partial t}-B,$ $-A_{II}^{(i)}]$ $=$ $(\begin{array}{ll}\mathcal{L}_{i+1} \mathcal{K}_{i+1}v\mathcal{K}_{i+1}+(2x-u)L_{i+1} -\mathcal{L}_{i+1}\end{array})$ $(0\leq i\leq n)$
$[ \frac{\partial}{\partial t}-B,$ $-A_{II}^{(-1)}]$ $=$ $(\begin{array}{ll}-\delta+g_{n+1} g_{n+1}tg_{n+1}tv-(\delta-\frac{1}{2}g_{n+1})(2x-u) \delta-g_{n+1}\end{array})$
$[ \frac{\partial}{\partial t}-B,$ $\frac{1}{2}g_{n+1}\frac{\partial}{\partial x}]$ $=$ $(\begin{array}{ll}-\frac{1}{2}g_{n+1} 00 \frac{1}{2}g_{n+1}\end{array})$
, (15) . $P_{IV}$ hierarchy I
$[ \frac{\partial}{\partial t}-B,$ $-A^{(}j_{V}^{)}]$ $=$ $(\begin{array}{ll}-\frac{1}{2}\mathcal{K}_{i+1,t} 0\mathcal{L}_{i+1,t} \frac{1}{2}\mathcal{K}_{i+1,t}\end{array})$ $(1\leq i\leq n)$
$[ \frac{\partial}{\partial t}-B,$ $-A_{IV}^{(-1)}]$ $=$ $(\begin{array}{lll}\frac{1}{4}(2x-u)g_{n}-u_{4}\lrcorner g_{n}t 0 g_{n}v+\frac{1}{2}g_{n}tv_{t} -\frac{\mathrm{l}}{4}(2x-u)g_{n} \text{ }\underline{\mathrm{u}_{4^{4}}}g_{n}t\end{array})$
$[ \frac{\partial}{\partial t}-B,$ $-A_{IV}^{(-2)}\rceil$ $=$
$\{$
$\frac{1}{4}F_{t}+\frac{1}{2}G_{t}+\frac{1}{2}VF+2xG$ $\frac{1}{2}F$
$(2x-u)( \frac{1}{2}G_{t}+\frac{1}{2}VF+2xG)-$ $- \frac{1}{4}F_{t}-\frac{1}{2}G_{t}-$
$-( \frac{1}{2}G_{t}+\frac{1}{2}VF+2xG)_{t}+\frac{1}{2}vF$ $- \frac{1}{2}VF-2xG$
$\backslash$ $\backslash 2-u$ ’ $2^{\cdot}\sim$
1 $-\cdot-/t12^{\cdot}\wedge$ 2
$\frac{\partial}{\partial t}-B,$
$\frac{g_{n}}{2}x\frac{\partial}{\partial x}]$ $=$ $(\begin{array}{ll}-s_{2}\mathrm{n}_{X} 00 Ln_{X}2\end{array})$
, (22) . $P_{IV}$ hierarchy $\mathrm{I}\mathrm{I}$ $A_{IV}^{(-2)}$, $(2,1)$ $A_{21}^{(-2)}$
,
$[ \frac{\partial}{\partial t}-B,$ $-A_{IV}^{(i)},]$ $=$ $(\begin{array}{ll}0 \mathcal{K}_{\iota+1}\mathcal{L}_{i+1,t}+v\mathcal{K}_{i+1} 0\end{array})$
$[ \frac{\partial}{\partial t}-B,$ $-A_{IV}^{(-1)},]$ $=$ $(\begin{array}{ll}Ln2^{X} f2+\frac{u}{2}g_{n}t\mu_{n}2v_{t}t+g_{n}v+v(_{2}^{\iota}+\frac{u}{2}g_{n}t) -\mathrm{g}_{X}2^{\mathrm{L}}\end{array})$
$[ \frac{\partial}{\partial t}-B,$ $-A_{IV}^{(-2\rangle},]$ $=$ $(\begin{array}{ll}A_{21}^{(-2)} 0-(2x-u+\partial_{t})A_{21}^{(-2)} -A_{21}^{(-2)}\end{array})$
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